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PROCEEDINGS 


AT THE 

MEETINGS OE THE CHEMICAL SOCIETY. 


Anniversary Meeting, March 30th, 1868. 

Mr. Warren De la Rue, 7Jt.S., President, in the Chair. 

The folio-wing report -was read the President;— 

The President and Connoil on this, as on majiy pre-vions 
anniversary meetings, are able to congratulate the Society upon 
the gradually increasing number of its Fellovrs, upon tbfe 
prosperous state of its finances, and above all upon the oon> 
tinuanoe of its activity and usefulness. 

The number of FoUo^ at the last anniversary -was 499; at 
present the number is 510. The particulats of alteratiop are 
as foUo-ws:— 

Number of Fello-ws, March 30th, 1867 .. .. 499 

Since elected and paid admission foes .. .. 34 


533 

Removed on account of aixeais .. .. 8 

Withdra-wn.. .. . 5 

Deceased.. 19 

— 23 


Number of FgHo-wb, March 30th, 1868 .. .. 510 

Number of Foreign Members, March 30th, 1867 40 

Deceased. 1 

Number of Foreign Members, March 30th, 1868 39 

$ 
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Number of Assooiales, March SOtli, 1867 •• 0 

Since elected . .. .. 2 

Number of Associates, March 3(Hh, 1868 .. 2 

The names of the Fellows who have withdrawn arc:— 

C. N. Ellis, Anselm Odling, T)r. P. V. Paxton, Edw.^rd 
Rea, W. V. Russell. 

During the past season the subject of tlio {idiniHsion of u<*w 
Fellows into the Sodety has been spooully couHich'rcd by Ihi* 
Council. The report of a Committee appointed for inquiring 
into the matter having been adopted by the Council and circu¬ 
lated among the Fellows, the by-law relating to the election 
of Fellows was, after due notice, amendod m aeoordaneo with 
the recommendation of the Committee’s report, at an extra¬ 
ordinary general meeting of the Sodety, held on December iStli, 
3867. 

The by-law now stands as follows:— 

Every candidate for admission into the Sodoty shall be pro¬ 
posed according to a form of recommendation (see No. 1 Ap¬ 
pendix) subscribed by five Fellows of tho Society, to tlm'c, at 
least, of whom he shall be persoiully known; and sucii (‘cr- 
tificate shall be read and suspended in the Sodoty’s rooms, or 
place of meeting, for three Ordinary Meetings. 

The following is the List of Papers read at tho mc(>tings of 
the Chemical Society between March SOtli, 1867, and March 
30th, 1868 

1. “Note on Solidified Glycerinby Dr. Gladst (uic. 

2. “Experiments on Oxidation by means of Charcoal:" by 
Prof. Craco Calvert. 

3. “Observations on the Weathering of Copijor Ores:” by 
Mr. J. Spiller. 

4. “On tile Oxidation of tho Acids of tho Lactic S(‘ricB by 
Messrs. E. T. Chapman and Miles H. Smith. 

5. “ On Limited Oxidation with Alkaliao Pormouganatoby 
Mesf>rs. E. T. Chapman and Miles II, Smith. 

6. “ On the Presence of Soluble Phosphates in Cotton Fibres 
Seeds, &c.:’’ by Prof. Grace Calvert. 
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7* Observations on Combination by the Alleged Saturation 
of AtomicitiGSby Dr. Odling. 

8. “‘On the Constitution of the Phosphites:” by Professor 
Rammelsborg. 

9. “ On the Changes in tlie Proportion of Acid and Sugar in 
Grapes during the Process of Ripeningby Dr. Dupr A 

10. “On the Addition of Plaster of Paris to Must:” by Dr. 
Dupre. 

11. “On an Adapter to Absorb Sulphuretted Hydrogen:” by 
the Rev. B. W. Gibsone. 

12. “ On the Practical Loss of Soda in the Alkali Manufacture 
by Mr. W. C. Wright. 

13. “On bomc new Derivatives of Hydride of Salicyl;” by 
Mr. W. H. Perkin. 

14. “ On Pyrophosphoric Acidby Dr. Gladstone. 

15. “On Water Analysis and the Determination of Organio 
Matter in Water;” by Messrs. Wanklyn^ Chapman, and 
SmitL 

16. “ Analysis of a Biliaiy Ccmcretionby Dr. Phipson, 

17. “On the Action of Chloride of Iodine on Picric Acid:” by 
Dr. Stenhouse. 

18. “On the Chloride of Carbon of Julia;” by My. H. Bassett. 

19. “ On the Estimation of Compound Ethers in Wineby 
Dr. DuprA 

20. “ On the Action of Acetic Anhydiide upon the Hydride of 
Salicyl, Ethyl-S<ilicyl, &c.by Mr. AV. H. Perkin. 

21. “ On Nitrous and Nitric Ethersby Messrs. E. T. Chap- 
man and Miles 11. Smith. 

22. “On the part taken by Oxide of Iron and Alumina in the 
Absorptive Action of Soilsby Mr. R. Warington, Jun. 

28. “Analyhis of the Water of the Holy Well, at Humphrey 
Hoad, North Lancashire:” by Mr. T, E. Thorpe. 

24. “On the Action of Permanganate of Potash on Urea, 
Ammonia, and Acetamide, in strongly Alkaline Solutions 
by Messrs. J. A. Wanklyn and Arthur Gamgee. 

25. “Verification of Wanklyn, Chapman and Smithes Process 
of Water Analysis:” by Prof. J. A. Wanklym 

26. “ On the Relation between the results of Water Analysis 
and the Sanitary Value of the Water:” by Mr. E. T. Chap¬ 
man. 

27. “On the Pyrophosphoric Amides;” by Dr. Gladstone. 

h 2 
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28. “ On the Artificial Production of Coumarin and Formation 
of its Homologues:” bj Mr. W. H. Perkin. 

29. “ On Turacin, a New Animal Colouring Matterby Prof. 
ChurcL 

30. “Note on the Preparation of Uroaby Mr. John 
Williams. 

81. “ On the Freezing of Water and Bismutliby Mr. Alfred 
Tribe. 

32. “On the Isomeric Forms of Valeric Add;” by Mr. 
Alexander Pedler. 

33. “ On a Simple Apparatos for Determining the Gases inddeut 
to Water Analysisby Dr. Frankland. 

34. “ On the so-called Thioformic Add:” by Dr. Debus. 

35. “ On a Now Galvanic Batteryby Mr. Warren De la Uuo 
and Dr. Hugo Miiller. 

36. “ On Gas Analysisby Dr. J. W. Bussell. 

37. “ On the Reduction of Carbonic Add to the State of Oxalio 
Add:” by Dr. Dreschel. 

38. “ On some Now Benzylic Derivatives of the Saliqyl Series j” 
by Ml-. W.H. Perkin. 

39. “ On the Action of Oxidizing Agents on Organic Crtntpounds 
in Presence of Excess of AlMi:” by Messrs. Wanklyh 
and Chapman. 

40. “ Note on Dr. Frankland’s Process of Water Analysis 
by Mr. E. T. Chapman. 

41. “Note on the Estimation ofNitrio Add in Potablo Waters 
by Mr. E. T. Chapmaiu 

42. “On the Hydride of Aceto-Salicyl:" l)y Mr. W. H. Perkin. 

43. “On the Absorption of Vapours by Charcoalby Mr. 
J ohn Hunter. 

44. “On the Ocouireuce of Prismatic ArSonious Addby Mr. 
T. Claudet. 

45. “On the Action of Nitric Add on Picramio Addby Dr. 
Stenhouse. 

46. “On Chloranilby Dr. Stenhoubo. 

47. “On the Action of Zinc-ethyl on Nitrous and Nitric 
Ethersby Messm. E. T. Chapman and Miles II. 
Smith. 

48. ^ On the Direct Transformation of Carbonate of Ammonia 
into Urea;" by Professor Eolbe. 
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The following lectures also have been delivered:— 

“On Ideal ChemislrySir Benjamin C. Brodie, Bart. 
“On Water Analysis:" by Dr. Franfcland. 

“ On Chemical Geology:” by Mr. David Forbes. 

“ On the ManuJacturo of Glass:" by Mr. Henry Chance. 

jprogrm of Chemistry. 

Without pretending to give an account of the extraordinary 
activity in chemical invcstigaLion, and the important additions 
made to the science of chemistry since you urere last addressed 
firom this chair, I may, neveitheless, bring briefly to your 
recollection some of the most important work which has been 
accomplished diuing the past year. 

Although organic chemistry still receives the larger share of 
attention, inorganic dromistry has, nevertheless, latterly gained 
in popularity, and Wds lair to gather a continually increasing 
^.umber of votaries. In purely tliTOrotioal chemistry, the ap¬ 
pearance of Sir Benjamin Brodie’s chemical calculus has 
given a now impulse to abstract spcculatiou on a subject which 
goes to the very foundation of the true plulosophy of our 
science. Whatever may be the ultimate verdict of chemists 
with respect to tho views propounded by Sir Benjamin, it 
cannot he disputed that tlie publication of his monograph will 
Jiavo initiatod a most valuable and suggestive discussion. 

On account of its important bearing on tho physics of 
chemistry, I wiU recall, in the first instance, the I’cmarkable 
results obtained by Professor Graham, in tho pursuance of his 
researches on didysis. You will remember that MM. Deville 
and Troost hod olworvcd the penne.ibility of platunun and 
iron to hydrogun at a Ingh iemporatore; also that Professor 
Graham had pointed out tho power which a septum of 
iudia-nibhoi’ possesses in separating gases. Following up tins 
train of thought, ho has been more recently iadacod to study 
the action of metallic septa at dilfereni temperatures, and bos 
found that the permeabihty is different for cQfiforent gases, and 
that even on approximate separation of gnsos mixed together 
can be effected by tins means. The extraordinaiy power of 
condensation and occlusion of some gases, poKiessed by several 
metals, among winch palladium is so especisJly distinguished. 
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may be regarded as one of the most striking phenomena which 
have been bronght under tlie notice of chemists. 

Messrs. Frankland and Duppa, in continuation of their 
researches in synthetical chemistry, have given a vt^ry important 
contribution to the long list of new bodies with which the 
method used by themselves and Geuther, had already oni*iohcd 
chemistry, and which, by the light they thi*ow upon isomerism, 
axe justly deserving of the high appreciation of chemists. 

In the same direction may be cited the results of the impor¬ 
tant researches of Fittig, and his associates, on the synthesis 
of the aromatic hydrocarbons, which have been considerably 
augmented during the last year. 

The transformation of aromatic monamincs into acids richer 
by one increment of carbon, effected by Hofmann, by subjecting 
the monamine to distillation in the presence of oxalic acid, where¬ 
by a certain portion of the corresponding nitrile is obtained, 
constitutes a valuable method for preparing certain aromatic 
adds which until now existed only in theory. The discovety 
by Hofmann of a new series of isomers of tho hydroK'yanogiA 
series, also promises to afford a fertile field of chemical research. 

Passing on to another branch of synthesis, it is gratifying to 
notice, that the number of instances of the artificial production 
of organic substances, foimerly known only as products oJ* 
organised life, is also steadily on the increase. Perkin, during 
his researches on hydride of saKoyl, has effected the artificial 
formation of coumarin, whereby the exact association of this 
interesting substance with the salicyUc series has been oslu- 
blished. 

Liebxeich, some years ago, discovered an interesting orgmiic 
base, neurine, a direct derivative of protagon, a cousiHtumt of 
brain. Baeyer has since shown that this substan(*(* has ihc 
composition and constitution of hydrate of oxethyl-lriiuethyl 
ammonium, thereby suggesting tho possibility of the synihoticMil 
production of neurine. Wurtz has quite roconlly carried tho 
suggestion into effect, and has actually produced tins complex 
organic body by artificial means. 1 cannot pretend to assort 
that our modem theory of chemistry is not destined to be 
substituted by other hypotheses, but I think the artificial pro¬ 
duction of so complex a substance as neurine may be adduced 
as evidence of our being able to form a good working theory, 
and of the general soundness of modem cliexoical reasoning. 
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Urea, the artificial production of which ftimished the first 
proof of the identity of chemical and vital action, has been 
quite recently produced by a now process, which, like so 
many other processes of Kolbe, startles us by its simplicity 
and boldness. Finally, in drawing attention to the synthetic^ 
production of oxalic acid carried out by Drechsel, in Kolbe’s 
laboratory, I conclude the list of recent additions to the 
number of artificially produced substances—^results winch must 
always be regarded as triumphs of mind over matter. 

In physiology, it will suffice to record here the recent unlooked- 
foT results obtained by Pettenkofer and Voit, in ihoir experi¬ 
ments with the celebrated respiration apparatus at Munich, by 
which it appears that during sleep animals store up oxygen, 
a feet which seems to throw important light on the functions of 
sleep. 

Friodel and Ladenberg, by the discovery of the silicinm- 
mercaptan, have brought more prominently to light the chemical 
resemblance of carbon and silidum. 

Y The recent researches on gun-cotton by Abel, have completed 
.’the chemical history of this remarkable substance, an instalment 
of which was given by him in his former memoir on the subject. 
He has now cleared away all doubts respecting its stability and 
adaptability for use as au explosive. 

In the teanch of analysis, it is hardly necessary to refer to 
the zealous prosecution of the important subject of the analysis 
of potable water, further than to prognosticate that, out of 
the active investigations wliich have recently so much engaged 
our attention, we may look forward to an early solution of the 
problem. 

In concluding this very brief review of the progress of 
chemistry, I must not omit to mention the interest which has 
boon ro-awakoued in tho chomical investigation of goologioal 
phenomena; and wo look forward with interest to the new 
views which we may expect to be deveiopedL 

During the past year we have lost, by the hand of death, 
nine Fellows and one Foreign member of our Society; death 
has also removed a distinguished chemist, who, although he 
withdrew from the Society some years ago, will be recollected 
by many as one of the original members; I mean Dr. Thomas 
Clark. 
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List of Fellows deceased, since the last Anniversary, March, 
1867:— 

Walter Crum, Esq., P.R.S., Dr. Daubeny, P.R.S., Dr.Pariv- 
day, F.R.S., W. H. Gossage, Esq., William Ilorapatli, Esq., 
Alfred Noble, Esq., Rev. H. M. St. Aubyn, John Ten- 
nent, Esq., Robert Warington, Esq., P.R.S., J. Polonse, 
Membre de TAcad. Imp. des Sciences, Paris; William Win- 
sor, Esq., died the 1st of November, 1805. 

Thomas Clark, one of the original members of the Clu*mical 
Society, was born in Ayr, on the 31st March, 1801. His father* 
a man of singular energy, integrity, and circumspection, was 
captain of a merchantman, and, during a long career, sailed 
in every sea, without encountering a disaster, llis mother waS 
also a woman of uncommon oast; she originated the woll-known 
Ayrshire needlework. All the children that grow up to matu¬ 
rity were marked with strength of character, in difiFercnt ways. 
Thomas was educated at the Ayi- Academy, a school then 
femous in the west of Scotland, numbering upwards of 40^ 
pupils. The course of instraction was extensive and oomploirO, 
including French, classics, and mathematics; and the vector 
(Mr. Jackson, afterwards Professor of Nattual Philosophy in 
St. Andrew’s University), gave occasiounl locturcH hi ex])evi- 
mental science. Clark was considered a heavy, dull boy; In's 
progress was slow, till about 13, when ho began mathomatios, 
and became one of the distinguialied boys of the Academy. He 
was fond of propounding school-boy schemes, and got the 
sobriquet Philosopher Tom.” Many men of eininoncc have 
proceeded from the samo school. 

In 1816, he went to Glasgow, and entered tlu^ (‘onuting- 
house of Charles Macintosh and Co., the inventors of th<» 
waterproof cloth. The main portion of tho businc‘HH of the 
firm at that time was pi-eparing a material known us “ cndboiir,*’ 
which was used as a scarlet dye, more csjx'cially in lln* manu¬ 
facture of cloth for the aimy. While Clark was still in Iho 
employment of the firm, they began tlie mamifuctmv of tlio 
India-rubber clotli. Macintosh also, from a mineval found in 
the margin of the coal formation, created on extensive alum 
manufacture. 

Tt was in this connexion that Clark first had his mind turned 
to mineralogy and chemistry, and their applications in the arts. 
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Althougli he often remarked that bis training in the counting- 
house was of value to him in the diagrammatio representation 
of scientific facts, he was by no means an apt accountant, and 
he did not remain very long at the work. The Macintoshes 
discovered tlie true bent of his mind; and, on their recommen¬ 
dation, he obtained the situation of chemist, in Tennant's 
Chemical Works, at St. Eollox. 

In 1826, he was appointed Lecteer in Chemistry to the 
Glasgow Mechanics’ Institution, having then left St. Bollox. 
About this date, he began his career of original investigation. 
In the programme of his lectures for 1826, ho gave his table of 
chemical elements and formulas, from wliich may be inferred 
the state of advancement of his views on the atomic theory, 
iuiA the theory of sails. 

That theory of the constitution of salts in which they are 
represented as uniformly consisting of a metal or hydrogen 
united with a radical, simple or compound, no doubt originated 
in Davy’s discovery of the composition of chloride of sodium; 

the credit of the generalization is generally ascribed to 
4liat philosopher. But it does not appear tliat Davy ever ex¬ 
pressed the view in precise terns. In objecting to the rival 
view—of the presence of acids and oxides in salts like the sul¬ 
phate of potash, and in illustrating his binary theory of certain 
other salts,—^he looked upon the former class as triple com¬ 
pounds of metalloids, metals, and oxygon. Ho admits, though 
uith inaccurate numbers, that the atomic weight of hydrogen 
is 1, of oxygen 16, of carbon 12, and of sulphur 16; watei' being 
composed of two atoms of hydi-ogen and one of oxygon. But 
the new tliooay, particularly in its relation to tho function of 
hydrogen in Iho hydrated acids, appears to have been first 
properly apprecuied and fnlly devo]o 2 )ed 1>yDr. Clark in his 
early clicmical lectures of 1826. It was sagaciously apidied by 
him to exphriu the j^roportiou of acids in salts of peroxides, 
like sulphate of alumina, and was a manifest advance uium the 
canon of Berzelius, that the oxygon of the acid is always a 
multiple of the oxygen in the base. Dr. Clark also inteiT[)roted 
the atomic thooiy less rigidly than most of his English con¬ 
temporaries, and moj’c in accordance with modem views. Ho 
allowed portions of an equivalent to be rej)resented, as f Fq, 
the quantity of iron united with one equivalent of oxygen in the 
peroxide, which he could thus assimilate to a protoxide in coji- 
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stitiition. He exercised also a fi*ee jxidgmeut iu fixing ^bho 
atomic weights of elements, and we find in his tahlo of 182(5, 
carbon made 12, and oxygen 16, in reference to hycii'ogeu as 1* 

In an early essay shown to friends privately, but never 
printed, he established the fact that bisiilphate of pofush con¬ 
sists of sulphate of potassium combined whh sulphalo of 
hydrogen. Thence he assumed that all tlie acid sails arc 
similarly constituted, for example, the bicln*omato of potasli. On 
experiment, he found that this salt contained no laydrogen, and 
belonged to a class containing more than ojie cipiivahmt; of 
acid without the elements of water. He, consequently, lost failh 
in his theories, and shrunk from their consequences. 

In 1826, he published his papers, entitled (1.) “On the 
Pyrophosphate of Soda,” (2.) “ On the Arseniate of Soda,” and 
(3.) “On a New Phosphate of Soda.” Probably the most 
durable of Clark’s contributions to chemistry is the discovery 
of the pyrophosphate of soda, considering the support given by 
that discovery to the then struggling doctiine of isomerism, 
and the important part played by the phosphoric acids in load-- 
ing to the more recent ideas of polyatomiexty. The establish* 
ment of so new and characteristic a substance as pyrophosphate 
of soda is likely always to hold a place in chemical history. 
Sir John Herschel in his “Introduction to the Study of 
Natural Philosophy,” pronounced this research as one of flie 
most felicitous examples of a successful induction. 

It was with a view to teaching chemistry in a medical school, 
and not to medical practice, that, in 1827, lie entered the 
University of Glasgow, as a medical student, and, after ])aHSiug 
through the medical course, took Iho Dociov’s degree, hi 1831. 
In 1829, he became apothecary to tlio Glasgo-yvr Infinnary. 
While in this office, he made three contiibutions to Pharmacy: 
(1.) On the Pharmaceutical Preparation of the Pr(‘ci])itat(Hl 
CJarhonate of fron; (2.) A Chemical Examinaliou of H in glis¬ 
ten’s Golden Ointment, with an improved formula for ])rc'- 
paring the Bed Precipitate Ointment; (8-) On a new I^ro(»esH 
for preparing medicinal Prussic Acid. (Glasgow Modieal 
Journal, Nos. 11,12,14.) 

In 1832, he published, in the “Westminster Roviow,” an 
exceedingly elaborate enquiry into the whole system of existing 
weights and measures. It attracted great attention, and the 
value of it is not yet exhausted. He had collected materials 
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for a second article, which would have probably been full of 
curious interest, “ On the Lost History of English Weights 
and Measures.” Neither this, nor another enquiiy that occupied 
him for a considerable time,—on the Law of Patents—was ever 
published. 

The Professorship of Chemistry in Marischal College having 
become vacant by the death of Dr. French, in October, 1833, 
Clark became a candidate for the office, which had to be filled 
up by competitive exanrinatiou. The othei- candidates were 
Dr. Henderson, and Dr. Laing. The examiners (Di*. Thom¬ 
son, of Glasgow, the Rev. Mr. Forsyth, of Belhelvie, Pro¬ 
fessors Davidson and Skene, of Marischal College), reported 
in fdvom* of Dr. Clark, and he was elected and admitted ac¬ 
cordingly. 

As a chemical lecturer, he had strongly marked peculiarities. 
Applying his thoroughly original and independent mind to 
chemistry, as to every thing else, he took nothing entrust 
' himself; and it was his aim to bring before the students what¬ 
ever doubts and difficulties attended the subject, and to exhitut 
"the evidence, experimental or theoretical, for each position. 
He also paid great attention to the manner of stating and ex¬ 
pounding his science. Instead of commencing with the 
generalities of the atomic iheory, he described in detail a few 
of the leading elements—as oxygen, hydrogen, carbon, sulphur, 
stating, as matter of fact, the proportions of each in the several 
compounds, water, carbonic acid, &c., without making any 
references to the theory of combination. He next look up the 
atomic theoiy and expounded it minutely, showing how fiir it 
was hypothetical, and how far an expression of experimental 
truth. Then followed the usual detail of the elements and their 
compounds, interspersed with discussions of leading points, as 
the constitution of the salts mA amds, the tlieory of muriatic 
acid, the theory of the piiissiates, &c. He devoted occasional 
lectures to leading processes in the arts, as the manufacture of 
coal-gas. His method of describing those was carefully studied, 
but was chiefly resolvable into the practice of starting from 
known and familiar elements, and showing how they became 
transformed in the course of the operation to tho more recondite 
products. Many of his students probably remember, to this 
hour, the miuiufaoture of sulphuric add, as depicted by him 
firom his acquaintance with the works at St. Rollox. 
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There was what many parties considered a want of order in 
his coarse. He did not proceed foUowiug ont a systomalic- 
and exhaustive classifioation of the elements, as in an or<Tinary 
chemical text book. Ho rather selected hnportnnt and typical 
bodies, making them tho representative of gen(*ral cIohsob and 
doctrines. This was especially his way witli org.uiio chcuiiHtry, 
nnder which he merely adverted to a lew impoitaiit snl)Hlau(‘(>8. 
Neither was he systomatio in dealing with the clu'iniHtry of 
drugs; a few substances th<athe had thoroughly mast eivd bt'ing 
all that he took notice of Indeed, system w<ih never his Hti ojig 
point; he disliked the empty vagnonoss often disguised under 
a systematic array, and preferred the luhmto and tliorougU 
investigation of single and isolated ihets. Tho aocm*ato (hder- 
mination of any fact, however limited its place in a system, or 
even its utility, was always to him an intonso witisfaction. 

At the time of his going to Alx'rdcon, ho had thoroughly 
investigated at least two subjects. The first ol‘thes(‘ was tho 
theory of hydrometiy, and thepi'actioe of hydrometer-mnkiug. 
The practical outcome was the constmetiou of an instrumciij^ 
which at once gave, by its own readings, the tmo spccilio gravity, 
instead of requiring a calculation by a ibrmnla. 

The other subject was the detection of aiseuio. This ho had 
studied with refereuoe to the soda and minor.d acid maiiurttc> 
tures, and he had found methods of detecting tho slight eat 
quantities of arsenic in all the different products of these 
manufactures. At that time, an account of these iqcthodi^ 
would have been of the greatest valne; but he never propanul 
My paper on the subject. The practical results wort* tho 
improvtsi methods employed in Iris own labomtory, for purifying 
the sulphuric and hydr<»ohloric acids, and lor t<‘Hiiiig arsoaic hi 
poisoniugB. 

His practical turn of muid, and his experience in <‘hemical 
manu&cturos, would have proUibly led him iut<j extenhive 
practice as a commercial chemist, had not his Aherdocu pni- 
fessorship rcmovoil him to a distanco from tho si'ats <if the 
great munu&ctgros. Ho actud for several succcBsive hiunmers, 
as adviser to a chemical company in ritaffordhljirc, but the 
business was interrupted by disputes among the proprioto™. 

In 1835 was puldishcd his paper On the Application of the 
Hot Blast in the Manufimture of Cast Iron; in which ho gave 
the true explauation of tho benefits arising from tho procusH. 
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He had also boen occupied in making investigatdoim on the 
sulg’ect for the inventors. 

In 1836 appeared his letter to MitscherlicL “OnaDijBfictdty 
in Isomorphism, and on the Received Oonstitation of the 
Oxygen Salts;” of •which no notice "was ever "taken by the 
Berlin chemist. Although, in this paper, he stiU prefers the 
new to the old -view of the salts, he speaks in very measured 
language, and considered that both ways must remain open to 
the choice of chemists, until some discovery be made, incon¬ 
sistent with one, and compelling the adoption of the other; 
and he thought that the subject he "was then considering would 
be found to yield the desired solution. 

Clark is best kno-wn by his water tests, and his process for 
softening hard waters. The specification of his patent for the 
softening process (October, 1841) described "the three tests 
employed—the soap test, the acid test, and the silver test. 
In a druular addressed to his “chemical friends” (1847), he 
entered into a more minute description of the tests for hardness 
'eud for alkalinity, but was embarrassed by the discordance of 
duB own experiments to fix the degrees of hardness coirespond- 
•ing to the soap test measures. He did not get over the difficulty, 
tmtil, in Jime, 1849, when he had to report to the General Board 
of Health, on certain spedmem of watesr proposed to be supplied 
to the town of Birmingham. He then found that the action of 
magnesia on the soap test was peculiar. At a certain degree 
of dilution, its hardening effect is partially disguised, or latent, 
and is brought o\xt only after further dilution. In ono of the 
Birmingham specimons, the actual hawhioss of the water was 
8*3®, while dilution brought out a fiuther hardness of 8*5®. 
This result suggested to him the true cause of the irregularity 
of his table of soap-ti'st mcarsnres, namely, the presence of a 
small quantity of magnosia in the ordinary chalk waters. On 
preparing {U'tificially a solution of carbonate of limo, he found 
that tho correspondence of the degrees of hardness and the 
soap-tesb measures Wiis exact and numerical throughout. 

The softening process has been hitherto declined by •the 
London companies, although in the invention, he had chiefly 
in view the water supplied by them. It was first applied at 
Plumstoad, Woolwich; next at Castle Ho’word, "the seat of the 
Earl of Carlisle; then, at Carerham, Sun'ey; and recently at tire 
■GhiltemHillB. in all cases with •oerfect success. Our ooUeaeues. 
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ProfesBorB Graham, Miller, and Hofinann in roportiug in 1851, 
to the Government, as to “ the chemical quality of tho waters 
supplied, and proposed to be supplied to the Metropolis,” 
remarked with reference to the process, ‘’it is no long*ff 
possible to disregard the chemical means of removing hnxduoHH, 
or to represent them as impracticable on a gi’cat soldo; they 
place the question of water supply upon an entirely new 
footing.” 

At the beginning of the session 1843-4, the question of the 
abolition of University Tests was taken up by tho Henatus of 
Marischal College, in a series of resolutions moved by T)r. Clark. 
In the preparing and correcting of these resolutions ho spent, 
as usual, enormous laboiu, and was very much excited by the 
subject. In the course of tliat session he became scriouBly ill 
of disease in the brain, which interrupted his lecturing; and ho 
never again was able for the work of his elass. For several 
years he was wholly absent from Abordoen, and resided in his 
mother's house, first at Glasgow, and afterwards at Rotliosay. 
fio obstinate was the derangement, that his life was a ooustastt 
series of headaches, and his days were often spent in bod. Iti 
the beginning of 1848, after four years of such disablement, 
he was induced to try a course of the hydropatlric treatment, 
then coming into notice, and obtained a degree of bouefit not 
amounting to a radical cure, but changing entirely his whole 
course of life. His headaohes became rare; ho was no longer 
obliged to he in bed in the day-time; he took regular exonnse, 
and was fit for consecutive study. In 1845) ho manned, and 
in the same year resumed his residence in Aberdoou. Ho 
bad hopes of being able to teach his class again, but fotuid 
that his strength, though improved, was rmcqual to unbroken 
taskwork; and he made himself useful to the College in tho 
struggles that ended in the union of tho Abenlocn UniversitioK 
in 1860, which led to his being superannuated. 

la all the discussions connected with medical oduinition ho 
always took a leading part He was the chief promoter of tho 
scheme of examinations pm-sued at Marischal College, which 
was a great advance in strictness and severity. Ho was de¬ 
puted by the Seuatus to watch over the medical Bills intro¬ 
duced in 1844 and 1845, and spent many weeks in London on, 
that ol^'ect. 

BBs earliest publication connected with university reform was 
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a pamphlet (in 1833) entitled ‘‘ Reform in the University of 
Glasgow,” containing a complete university constitution, with a 
new governing body, somewhat akin to the recently constituted 
university courts in the Scotch universities. There is also a 
minute examination of Mr. Oswald’s Bill for the University of 
Glasgow. 

The question of the union of the Aberdeen universities had 
been agitated at various times, and was brought up, soon after 
Dr. Clark’s appomtmont, by Mr. B an n erman’s Bill, and again by 
the Royal Commission of 1836. Dr. Clark studied the whole 
subject carefully, and his letter to the Commission is a very 
able document, which may, one day, be looked back to with 
interest. 

A pamphlet appeared in January, 1850, challenging the right 
of Marischal College to grant degrees in divinity, law, or medi¬ 
cine, and the official circular of King’s College for 1851, contained 
a sentence implying the same want of authority on the part of 
Marischal College. This was the occasion of a pamphlet by 
Dr. Clark, in wliich he argued the question from a decision of 
the House of Lords, under Lord Chancellor Uardwioke, in 
1745. His I’easoning was forcible and conclusive, and was 
couched in his peculiar style of elaborate and studied statement. 
Both language and typography had their powers tasked to the 
utmost to give explicitness and force to the arguments. 

The introduction of the Scotch Universities’ Bill of Lord 
Advocate Inglis nocossarily involved discussions and negotia¬ 
tions in the several universities. The Bill contained clauses for 
uniting the two separate Aberdeen universities—^King’s College 
and Marischal College—^into ono university. Dr. Clark took 
part in opposing the union, and was the author of numerou«?> 
momomls and statements with reference to it. His opposition 
turned upon the very strong views entertained by him as to the 
effective teaching of the classes. It was the distinction of the 
Aberdeen Colleges to possess classes of manageable dimensions, 
with thoroxxgh examination and discipline, and he was strongly 
apprehensive that this advantage mnst cease with the fusion. 

When Mr. John Stuart Mill became Lord Rector of the 
University of St. Andrews, he chose for assessor Dr. Clark, 
being intimately and personally acquainted with his general 
ability, as well as has great aptitude and experience in university 
matters. 
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Clark waa, iihroiigliotit life, an ardent poKticiau of tin* IiIkmovI 
Bchoo], and formed decided opinionfl on aU iwujsinpf public 
measiu’es. He was a frequent contributor of loading; JU*li(“IpB to 
the journals, and on those occasions ■wi’ote with rapidity, and 
with no small pungency of manner, as well os perfinency in the 
matter. In aU the Tarious conti-oversios tluit ho found hiniKijlf 
involved in, ho made free use of the editorial pon in support of 
his side. 

A much more extended notioo would be necchsaiy to give an 
adequate impression of Clark’s various labours and many hided- 
ness. Elis industry between the ages of twenty aud forty umst 
have been enormous. His intellectual fiicnltios Ixdongod to tlio 
highest class. His strongest featm-e may be expressed by 
sagacity, and his delight was to attain his ends by the H{mpl(‘st 
and often the seemingly most unlikely moans. He 1is>d osson- 
tially a practical mind; his originality and his sagacity took 
the direction of practical suggestions. His lovo of loiunto 
accuracY, so valuable in itself, was carried to a pitch of ox- 
travagance, which was perhaps his chief foible, as an investi* 
gator. He never knew when to have done refining aud im¬ 
proving: hence the nnfinishod state of so many of his iiiqnirios. 
His attention to style was an additional soru’co of cndmiross- 
ment and delay, when he had any work to publish. 

The energy and vchoraenco of all his dotermiuations made 
him nrgent and imperious; and, while incroasiug his syray ovor 
others, often excited no small hostility and dislike. Ilo was 
frerious in his oublaught when roused by oppoKtitiou, yet ho could 
also control himself aud employ all tho K'honrccs of bis <‘nliivtitud 
expression in suavity, courtesy, aud coucilialiou. His loves 
and his hates wore alike on u largo scab*, but Ins uminltlc hi(l(» 
grejitly preponderated. Hrs gcnoi-osity and sympathy wcw 
manifested both in public spirit aud in jaivatc* iKMicfils. Ilo 
was looked up to and beloved by the whole oiwlc of liis inti¬ 
mate friends. 

His death was somewhat surMon. On the momiug of the 
27th November last he was unable to got up usual Ht* 
soon became insensiUe, and expired at two o’clock tjro same 
day. 

His last years were made sorrowfiil, and his widow’s grief is 
now deepened, through the loss of an amiahle and gifted boy, 
their only ohilti 
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The name of Walter Crum occupies a high raxik among 
those cultivators of science of whom England is justly proud; 
men actively engaged in arduous business or professional pur¬ 
suits sufficient to engross the intellectual energy of the most 
industrious, who nevertheless find leisure to contribute mate- 
iially to the stock of human knowledge. Mr. Walter Crum, 
who died on the 5th of May, 1867, was bom in Glasgow iu 
1796, and educated in that dty. In 1818 and 1819 he was a 
distinguished student of practical chemistry under the late 
Dr. Thomas Thomson, and from this period devoted much 
time and energy to the cultivation of science. For upwards of 
forty years ho took a leading part in the improvement of calico 
printing, by the application of chemical discoveries, and has 
been long recognized as the scientific head of that interesting 
art in this country. Mr. Crum, indeed, gained for the house of 
which he was the principal, a place in the front I’ahk, not only 
for the excellence of its products, but also for the high character 
of its transactions. In Febmaiy, 1823, Mr. Walter Crum 
Oommuuicatod to the Annals of Philosophy his first and well- 
known paper, entitled ‘‘Experiments and Observations on 
Indigo, and on certain Substances which are produced from it 
by moans of Sulphuric Acid.” This paper is remarkable for a 
facility in expedients and for accuracy in analysis; it not only 
gained for him a European reputation, but will remain an 
enduring monument to his fame as one of the early pioneers in 
accurate organic research. 

Among the chomioal discoveries of Mr. Walter Crum may 
be noted the formation of a new oxide of copper, analogous in 
composition to peroxide of iron. The paper containing an 
account of this sul)btaiico was published in the Mem. of the 
Chem. Soo., vol. ii, p. 387. In the Journal of the Chem. Soc. 
lor 1854 ho described an isomeric viirioty of alumina which is 
incapable of combining with colouring matter. In an early 
investigatioii of gun-cotton he described a method for deter¬ 
mining nitrogen, lately revived in the analysis of potable 
waters. Mr. Crum showed that a large class of colouring 
matters arc fixed in cotton by the passage of their constituents, 
while in a soluble state, into the cavity of the fibre, and their 
subsequent precipitation therein as a solid pigment; as in the 
case of dyeing with acetate of lead and chromate of potash. 
Almost the last communication of Mr. Crum’s was a short 
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TTriAmniT* OH iibi6 S'fcfiilftotii'tjio solplifilt© of iMirytA foTHid in iDorby'* 
sliii'e. 

Mr. Crum ■will hereafter bo remembered aa one of those who 
have mainly contributed to establish dyeing and calico piiniing 
on a secure scientific basis. Ho was most highly rcspoctod in 
the sdentific circles of his native city, and l>y all those who had 
business or social relations with him; and it has been sjud of 
him “that he has not left behind him one enemy.” 

Dr. Charles Q-iles Bridle Daubeny was bom Fobruaiy 11, 
1795, at Stratton, in Gloucestershire; third son of the Eev. .1 as, 
Danbeny. He entered Winchester School in 1808, and was 
dected to a demyshipin Magdalen College, Oxford, in 1810, 
In 1814, at the age of nineteen, he took -the dogi’oo of BJV. in 
the second class. In 1815 he won the ChancoIIor’s Prize for 
the Latin essay. Des'faned for the profession of modidne, ho 
proceeded to London and EcBnburgh as a medical studont 
(1815-18). Although he subsequently took the title of M.I). 
at Oxford, and became a Fellow of the College of Physicians, 
his career as a medical man was very briefi He, however, 
throughout his life took a lively interest in the progress of 
medied science, and in 1845 defivei-ed the Harvciiin Oration 
before the College of Physicians; for a short time ho was 
attached to the l^ddiffe Infirmary. 

While a medical student in Edinburgh, the lectures of Pro¬ 
fessor Jameson on geology and mineralogy attracted his 
earnest attention, and strengthened a desire for the oultivitiiou 
of natural sdence, which had been awakened by the teiu'hing 
of Dr. Kidd at Oxford. Li Dr. Kidd’s class room niuh'r llio 
Ashmolean Museum the future historian of volcanoes 1 «m 1 fnt- 
qnentlymet Buckland and tire Conyboares, Whatoly ami 
the Duncans, men of vigorous minds and various knowledge. 
At -tiiat time Daubeny entered keenly into tho ilihcnissiou tlien 
going on with great animation between tho Pliilonisis nn<l 
Neptunists; and after quitting tho Univemiy of Edinburgh, 
proceeded, in 1819, on a leisurely tom' through Fi*ance, every¬ 
where collecting evidence on tho geological and chemioal 
history of the globe, and sent to Professor Jameson, from 
Auvergne, the earliest notices which appeared in England of 
tiiat remarkable volcanic region. From the beginning to tho 
end of his sdentific career, volcanic phenomena occupied the 
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attention of Dr. Danbeny, and by frequent journeys tbiougb 
France, Italy, Sicily, Germany, Hungary, and Transylyania, be 
bad extended bis knowledge of that subject, and laid the foun¬ 
dation for bis gi’oat work on volcanoes, wbicib appeared in 1826 . 
This work contains careful descriptions of all regions affected 
by igneous eruptions, and a cbemical bypotbesis of tbe cause 
of the tbonnic distiu’banco, namely, water coming into contact 
with the metallic Ixises of the oartbs and alkalis below the crust 
of the earth. In later years Dr. Daubeny freely accepted, as 
at least very piubablo, a biglior interior temperature of the 
earth, but was unwilling to allow that tbe admission of water 
to a boated mtorior oxidized mass would account for the 
cheiniu.]! offeots which accompany and follow an eruption. 

Four yoara previously to the pubHoation of bis “ Description 
of Volcanoes," Dr. Daubeny succeeded Dr. Kidd as Aldrichion 
Professor of Chemistry, and took up bis abode under tbe Museum 
founded by Asbmole. 

Professor Phillips remarks, in Ins obituary notice of 
Dr. Daubeny, of which this account is mainly an epitome, 
“I well remember tbe zealous activity with which Dr. Dau¬ 
beny entered into all investigations which had a bearing on 
tbe principal subject of his thoughts. Mmeral waters, as indi¬ 
cations of dremical processes going on below the surface of 
various countries, attracted his earnest attention. He carried 
about a considerable apparatus for examining these waters in 
thoir freshest attainable state, and would busy himself for days 
in evaporating and analysing on a large scale. Thus he worked 
in his quartern at one of the hotels in York, just as if ho wore in 
his own laboratory at home. By liis busy scrutiny of waters 
in the volcanic cowitry of Central France and the South 
of Italy, he provoked tlie suHiricions credulity of the natives, 
who thought ho w.is poisoning tlioir springs, and endangered 
his poisoual safety.” 

Dr. Daubeny was extremely, possibly too methodical in his 
chemical teaching. Every lecture hod its specific apparatus 
duly arranged, which was pul away carefully into a compart- 
meut duly allotted to it after the lectm-e was delivered, so as 
to be ready when this part of the course came round again. His 
biographer says of him, that “he Avas not a dexterous manipu¬ 
lator of chemical mstniments, though a dihgont practical 
analyst.” His knowledge of chemistry was considerable and 
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varied. In 1831 appeared liis Sketch of the Atomic Theory." 
Hiq other published writings are very nmnorous; many aiv 
scattered iJirough various periodicals, but the following is a 
list of works which contain the priuci])al results of Dr. Dati- 
beny’s scientific and literary laboui*s:— 

1. Description of Active and Extinct Volcanoes,” 8vo., 
London, 1826. Second edition, 1848. Several supple¬ 
ments. 

2. “Tabular View of Volcanic Phenomena.” Fob, thick, 
1828. 

3. “Notes of a Tour in North America” (privately piiiliKl). 
8vo., 1838. 

4. “ Introduction to the Atomic Theory.” 8vo., 1852. 

5. “ Lectures on Eoman Husbandry.” 8vo., 1857. 

6. “ Lectures on Climate.” 8vo., 1863. 

7. “ Trees and Shiirbs of the Ancients.” 8vo., 1865. 

8. “ lliscellanies on Scientific and Literary Subjccis.” Two 
vols., 8vo., 1867. 

Those who desire to know Dr. Daubony’s views on the 
various subjects which engaged Ms ottontion, will find iliem 
foUy set forth in these works. The last on the list was pul>- 
lished only a very shori time before liis death. 

So soon as the arrangements were made for the location of 
chemistry in its new abode, Dr. Danbeny resigned the chair 
of chemistry, and used all his influence to increase the efficiency 
of the oflBlce, and secure the services of the present erainont 
Professor. 

Dr. Daubeny was not only Professor of Giemisliy, but also 
occupied the Chair of Botany, to which ho was api)oint(‘d in 
1834. He then migrated to the “Physic Gard<'u,” wlndiluid 
been founded in the early part of tlie reign of Char](*H [. (1621- 
1632), by Henry Lord Danvers, afterwards created Earl of 
Danby. Here he instituted many expenhumts on v<‘gotation, 
under different conditions of soil; on the effect of light on plantiS; 
on the distribution of potash and phosphites in lea vos and fimits; 
on the conservability of seeds; on the ozonio element in the atmo¬ 
sphere, and the effect of varied proportions of carbonic acid on 
plants analogous to those of the coal-measures. Several of his 
researches in these matters formed the subjects of commuiiioa- 
tlons made to the Chemical Society. Although during a long 
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and active career, Dr. Daubeny’a studies were extensive and 
varied, chemistry was the thread Avhich bound together all his 
researches. 

Profisflor Phillips saj's of him that “in his whole career 
Dr. Baubeny was full of that practical public spiiit which 
delights in co-operation, and feeds upon tlie hope of benefiting 
humanity by the associations of men. The same earnest spirit 
was manifested in all his academic life. No project of change, 
no scheme of improvement in University Examinations, no 
modification in the system of his own college, over found him 
indifferent, prejudiced, or unprejiared. On almost every such 
question his opinion Avas formed with rai-o hnp.atiality, and 
expressed Avitli as rare intrepidity. Einn and gentle, prudent 
and generous, cheerful and sympathetic, pursuing no private 
ends, calm amid jarring creeds and contending parries—^the 
perriiorral influence of srroh a man on his contemporaries for half 
a conttriy of active and thorightlul life fully matdred the effect 
of Iris published works.” 

In 185G he became President of ibe British Association, at 
Cheltenham, in Ms native county, amidst numerous ficiends, who 
caused a medal to bo struck in bis honorrr, the only occurrence of 
tills kind in tho annals of the Association. 

Br. Baubeny died after a few weeks’ severe illness, wMoh 
ho endured patiently, onBccember 13th, 1807, in his 73rd year. 

Among our many losses, wo liavo to doplor-o the removal ly 
death of one of the greatest and most uoblc of men, whose 
genius has enriched science, and conliibrrted to tho well-being 
and advancement of civilized man. Michael Faraday was so 
prolific turd original, not only in chemical science, which more 
CHiiooially conoents rrs, but also in physical sdienoo, that it would 
be quitt‘ impossible wiiliin tho scope of tMs notice to give such 
an account of his discoveries, as woidd do justice to his 
memory; fiir, without quostiou, ho was the greatest experi¬ 
mental plriloBopher that has ever lived. Fortunately, pens 
much more eloquoirt titan that of the writer of tMs notice have 
already placed before the world an account of the man and 
of Ms works; Init eveir tho AriAud portraitrrre of a Be la Rive 
and a Tyndall £vil to present such a pictrrre oi Faraday, as 
is reveroutly chciishod in the memories of those who had the 
advantago of his personal acquaintance, and listened to Mm 
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as a teadiar. Few men have ever taken so much pains as 
Faraday did to improve great natnral endowment, and to 
traiu an impnlsive thougli kindly spirit to a Inibitnal venera¬ 
tion of aJl that is truthfW, good and pm-c;'there ni'ver existed 
a more nnaftlfiah onconrager of contemporaries, ora mori* kindly 
adviser of the youthful aspmint in science. The chann of un¬ 
folding the hidden laws of Nature so entirely ('ugrossed him, 
that he invariably dooh'nod tlio tempting soura^s of gain oou- 
tinually brought within his easy roach. If Faraday had so 
desii’ed it, he might have accumulated groat wealth. In all 
the relations of hfe, Faraday was respected and beloved; ho 
was very fond of children, entering into their sports most 
keenly, and aiding them with his knowledge and resoui'ces; 
nothing ever gave him more siuca*o pleasure than to lecture 
to the young. He had the highest sense of justice, was 
possessed of great firmness, and although over ready to 
consider with tendemoss any palliation of a fault, ho never 
allowed wrong to be done without reproof; he was consequently 
always well served. His sense of jitstieo was so koen, that 
a casual wrong witnessed in the streets, wotdd rouse Ids indig¬ 
nation, and elicit his active interference on iho tddo of the 
offended. He was eminently charitable, and discriminating in 
his aid. 

Michael Faraday was bom September 22, 1791, at New¬ 
ington Butts, Surrey. His fiither James was a whitesmith of 
dapham Wood Hall, Yorkshire. After receiving an olomontary 
education, Michael was apprenticed in 1804 to Mr. Eiobait, a 
bookseller and bookHnder in Blandford Street, Mmylobono, 
and thereby, not only came in contact with tlio means of 
gratifying his thirst for knowledge, by books, but gained the 
acquaintance of Mr. Dance, a Member of the Buyal Insiihdion, 
who enabled him to hear several of Sir Ilumjjhry Davy’s 
lastlectnresin that estabhbluuont. The notes Avhieh Fnraday 
made of these lectures, he submitted to Sir Humphry, with 
an application for any employment couuocted w'ih scion <•(>, and 
in March, 1813, Faraday entered the service of the Itoyal 
Institution as assistant in the labomtory, of which he ovoutmilly 
became the director. In October, 1813, he resigned his situor 
tion in order to accompany Davy in a tour through Frarioo, 
Switzerland, aud Italy, during which they met with the most 
emmeutphilosopheis of Furopo, and alieadyFaraday attracted 
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'tixeir notice, and laid the fotindatiou of enduring Mend^ps. 
He was re-engaged at the Royal Institaidon on his retom to 
England in 1815; and then he commenced those researches, 
which are the history of his life, written by himself in the four 
TohtmcB of his “ Experimental Researches.” On Jtme 12,1821, 
he maciiod Miss Sarah Barnard, the daughter of Mr. Edward 
Barnard, a silversmith, who survives him. The union was 
eminently a happy ono. 

While young, he gave seveitd lectures on science at the 
room of the Giy Philosophioal Society in Dorset Street, Eleet 
Street; but it was not till February 3, 1826, at the first of the 
celebrated Friday evening meetings, that he lectured at the 
Royal Institution—his subject being Caoutchouc, abundantly 
iUustratod by spodmons in the raw and manu&ctnred states, 
&mibhcd by tho late Mr. Thomas Hancock. His courses of 
lectures at the Institution commouced with ono in April, 1827, 
on Chemical Philosophy, and terminated with a Christmas course 
on the Chemical History of a Ctmdle, at the dose of 1860. 

As a lecturer, he was long regarded as/uci7e|>nnc^sm regard 
to Ins manner, matter, and successful experimental illustra¬ 
tions. His last Friday evening discourse, on gas famace% 
was delivered on June 20,1862, when his enthubiasmresembled 
the biilHant flash from an expiring fire. As ho became aware 
of bis gradually fliiling mental and bodily powers, he gracefully 
withdrew fi*om duties which he desired to fulfil only in the 
very highest manner; and on August 25th, 1867, he peaoe- 
firlly dosed a laborious life at Hampton Court Green, in a house 
wMdi liad been gi-antcd to him by the Queen in 1858, and 
which had boon a source of much pleasure to him in the 
summora of his later years. He was interred at Highgate 
Cemetery on tho Friday following, in a most unostentatious 
manner, in conformity with liis expr-essod desire. 

Faraday’s merits os an investigator in science were early 
recognized abroad and at homo, lb 1823 he was elected Cor- 
respundiug Member of the Academy of Sdences at Paris, and 
in 1844 one of the eight Foreign Associates. He was elected 
F.R.S. in 1824, and in after years successively reedved the 
Coploy, Rumford, and Royal Medals, awarded hy the Sodety. 
He was nominated D.O.L. hy the University of Oxford, in 1882, 
at the same time as Brewster, Dalton, and Robert Brown; 
and, in course of time, was elected a member of all the great 
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scieaiific bodies in Enropd aud Amocica. In 1833 bewos uonii- 
bated the First FuUerian Professor of Chomistiy in the Koy<d 
Institation, Ty John Fuller, Esq^, no lectures boing rc*<iuiro<l 
from him; and he held the Professorship of Clicmisiry at tho 
Bojal SClitaiy Academy, Wool'widh, from 182t> to 1853. IIi« 
first paper, printed by the EoyaJ Society (On Two Now Com¬ 
pounds of Chlorine and Carbon), was read in Dooomlior, 1820. 
In 1829 he gare his Bakeiian Lecture, on the M.innfoi'tuiv of 
Glass for Optical Purposes; in 1831 ho published his Discovoiy 
of MagnetorElecttKaty; in 1833, tho Groat Law of Eleotro- 
Chemioal Decompomtion; in 1845, the Dwoovory of the Magneti¬ 
sation of Light, Dia-magnotism, and the Magnetic Condition of 
all Matter; in 1847, the Magnetism of Flame and GahOH; in 
1848, the Magneto-ciystallisatio]! of Bismutli; m 1850, Rt.>- 
searches in Atmospheric Magnetism. 

Among Faraday’s most remarkable chemical discoveries 
were the condensation of chlorine and other gases, in 1823; 
and the production of some new compounds of hydrogen and 
carbon, iaduding benzol, since so important as tho start point 
of the aniline colouring matters. His first printed paper appeared 
in the Quarterly Journal of Soienco. in 1816; it is an account 
of his Analyses of native caustic lime in the water of ondont 
baths in Tuscany. 

Faraday had. naturally a great love of literature; especially 
of fiction and the drama. Ih early life he acquired some know¬ 
ledge of Latin and of several modem languages; and he was 
well read in the great EngHah classics, Spenser, Shakspearc, 
and Milton. 

Many have speonlated on the advantages which Faraday 
tnight have derived from a mathematical tniining; but 
Dr. Whewell appreciated him coixocUy when ho said tliat 
he was a ncOural mathematidan. 

Although Faraday was not one of tho founders of tho 
Chemical Sodety, he joined it the year after its formation, and 
always expressed a groat interest in its development ojid wol- 
frxe. 

^ Williem Herapath was the son of a maltster in St. Philips, 
Brhit^ and succeeded to his feihet's busiaesa. He atadiod 
*ohemiaftty at first in oonneelion with the trade in which he was 
engaged, and, eventually as the profession of his life. It was 
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as a toxicologist tliat lie was priudipallj known to the public, 
but throughout tlio west of England he was constantly referred 
to as tho leading analytical and consulting chemist. From time 
to timo he contributed several papers, <^iefly on toxicological 
subjects, to tho medical and scientific jounsals, and his opinions 
and ex^iorieuco as a toxicologist ai-e frequently quoted in works 
on modiciil jurisprudence. Tho first important medico-legal 
case in which he was engaged was that of Ifrs. Burdock, tried 
in 1885 at Bristol for poisoning Mrs. Smith with arsenic, when 
his evidence attracted considerable attention, and was much 
appreciated. More recently he was one of the principal 
witnesses for the defence of the celebrated William Palmer, 
tried in 1856 at London for poisoning John Parsons Cook 
with strychnia. Ho was one of tho founders of the Bristol 
medical school in 1828, and its first lecturer on chomistry and 
toxicology, a position which ho held to the last, fie was also 
one of the original inombers of tho Chemical Society. In early 
life ho took a very active part in tho politics of his native town, 
and was a leader of the oxtrome liberal party. He fulfilled 
several municipal appointments, and at tbe period of his death 
was tho senior magistrate of the city. For some years past he 
had suffered from diabetes; but till a few days previous to his 
death be persevered in his profesnonal pursuits, and exhiHted 
his usual activity and readiness. Mr. Herapath died on the 
13th of April at his residence, the Manor House, Old Park, 
Bristol, in tho 73rd year of his age. 

Jules Th6ophile Polonzo was bom at Valognos (in the 
department of Maixcho) in France, on tlie 26th Folmiary, 1807- 
Iri commencing life ho hod little else to rely upon than the 
advaniOigos of a solid oducation, an active and intelligent mind, 
and great energy of character. His fri>tlier was a native of 
Saint Lucia, in the Maml of Martiniquo; during tho wars ho 
was taken prisoner by the EnglisL He tamed to account the 
knowledge of English acquired during his captivity, by teaching 
that language, and became succossively a manufacturer of por- 
oelaln, a director of works in the plate glass manufiustoiy of 
Saint Q-ohain, subsequently tho director of several iron works, 
amongst others the well-known works of Grousot; but in spite 
of all his energy and varied knowledge, he never aocnmulated 
any fortime; his sou Jules derived no inheritance from bfm, but 



xsvi PBOCnaBDINGS OF THE OmMICUL SOdSiTF. 

had to rely solely upon his own force of oharaotor to luako his 
career. His start in life was anything but enootu’aging) indeed 
he had for some time to endure the hardships of pouury, 

M. Pelouze first turned his attention to phanuacy, and was 
for eighteen months a student at La F&ro. In lb25 ho wont to 
Paris, hoping there to find greater scope for his <ictivity. IIo 
in the first iostance engaged himself to M. Chovalior, a momlK*r 
ofthe Academy of Medicine; but a ye<ir later ho was received 
as house-pupil in phanmioy of the Xlospifol do la Salpetii^re. 
Notwithstanding the duties of his office, ho dii oc 1 cd his atteiit ion 
to pure bhemistry, and in order to gratify liis desire to follow 
this science, he gave up tho emoluments of his appointmeut iuul 
ent^ed the laboratory of M. Wilson, which was under the 
direction of MM. Gay Lussac and Lassaigno. From tliis 
moment his chemical studies entirely engrossed his mind, aud 
became the sole object of his life. His enlhushisin gained for 
him the friendship of his master, Gay Lussac, aud Irioudship 
became a strong s^ection whidh bound together those hyiupa- 
thetic natures. In bis turn Pelouze did for maaxy a young 
aspirant what Gay Lussac had done for him, and it would bo 
difficult to nmne any one who contribntedmore thanM. Pulouze 
to the advancement of those who were worthy of such aid. 
When Pelouze first became an assistant to Gay Lussac, ho 
slept in a garret in the Bue Copoai^, but he lived really in the 
laboratory, where a piece of bread and a glass of wator were 
his frequent repasts. In the pursuit of h^ fovourite sedenos) 
however, he felt more than compensated for kok oP worldly 
comforts. In order that he might add to his resources, Gay 
Lussac suggested that he should give lossous; but he re¬ 
fused, because he was disinclined to lose any opportunity of 
acquiring knowledge. 

In 1830, the municipality of Lillo croatod a diair of choiuistry 
to which Kuhlmaun was appointed titular Professor, aud 
Pelouze was chosen assomate Professor. From tin's period 
Pelouze’s name began to be known; he tmned his atioiition 
to the perfectii^ of the processes for extracting sugar from 
beetroot, and he showed that beetroot contains 10 por cout, of 
its w^ht of mystallisable sugar, in every way identical with 
cane sugar. He proved by his researches, that tho alleged in¬ 
feriority of beetroot sugar to cane sugar was solely attributalfie 
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to dofoots of monnfactm'e, or to iiie coltiyation of the beetroot 
not being nndemtood. 

Oil liis rctnnx io Paris, in 1832, he became a candidate for 
the office of Assayer to the Mint of Paris, and entered into a 
oompetitivo examination, in which he was so eminently suo- 
oesHful, thai M. Th<Snar^ the president of the jury appointed 
to examine tho candidates, passed the highest enloginm on him, 
concluding his report in the following words:—“ If you appoint 
him to the place, of which he has proved himself publicly so 
liighly deserving, he will fer exceed all your most sanguine ex- 
pootations of tho services to bo desired jfrom a public officer.” 

Pelouze was at this period twenty-five, and he had already 
made a name by important works. He was unanimously ap¬ 
pointed a tutor in chemistry and Deputy Professor to assist 
GayLussacin the Eoolo Polytechniquo. His numerous pub¬ 
lished papers fi’om this time placed him in tho firont rank of 
chemists. About this period he travelled in Germany, and 
entered into scientific relations with Liebig, of whom he had 
been tho co-disciple, and had not ceased to be the fidend; several 
discoveries resulted from this alliance, one of the most remark¬ 
able being that of GBnauthio Ether. 

In the month of June, 1837, M. Pelouze was elected a 
member of the Academy of Sciences in the place of M. Deyeux, 
deceased. At the same time he was deputy to Th^nard in 
the College of France, and at a later period ho succeeded to the 
Chair. 

M. Dumas, in his funeral oration on the occasion of the in- 
tormont of M. Poloxxze, speaks in terms of tho warmest eulogy 
of his lectiu’cs at tho Boole Polytecbiique, and at the Collige 
do Franco. He clumioterisoB them as remarkable for their cor¬ 
rectness of mothoil, and for their moamurod jmd quiet style of 
delivery, which, however, In'cnmo hoightonod and impassioned 
when the importance of a now product, a now experiment, or 
tho dosmnplion of a discovery emanating from one of the nu¬ 
merous kboratoxies of Europe, drew forth his eloquence. 

It is not possible here to give an account of tho very nume¬ 
rous published memoirs of M. Pelouze. Bosidos those printed 
in the Comptes Rendus, are several contributions to the Dio- 
tionory of Technology, tho AnnaloB de Chimie et de Physique, 
La Bovue des deux Mondos, &o. But, besides these publhhed 
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papers, it must not be forgotten that his itnpnblif»hed correspon¬ 
dence contributed greatly to tho advancemout of prac*ii(*Hl 
chemistry. Pelouze was one of the oarlioatand principal 0(ni- 
tributors to organic chemistry. 

Besides oenanthic ether, of which mention has bo(‘n jiihI 
made, may be cited his researches on butyric acid and ber- 
birine. In 1867, he published a memoir on glycerin. Ills 
researches on woody fibre or colluloBe, led to the discovery ot 
nitroxylose, the prototype of gun-cotton, and nitro-com])ouudH 
in general. Pelouze has given a process for tho oxiractiou of 
tannic acid from leather. In connection with M. C ah ours, ho 
made a chemical examination of the American petroleum; ho 
has given several processes for obtaining pure chemicals, 3 lotably 
pure sulphuric acid, on a large scale. He is tho author of many 
analytic methods, held in high repute; for example, the assay 
of nitre by means of protoohloride of iron, the dotormination 
of copper by means of a standard ^solution of sulphide of 
sodium. He determined the quantity of iron in blood (abotit 
-pj-^ths); and jewellers hold in high estimation a sort of 
green aventurine with a base of chromium, which he discovered. 

Pelouze made an exhaustive study of tho composition of 
glass, and has explained the phenomenon of devitrification by the 
presence of an excess of siKca. During the latter years of his 
life he studied tho action of the solar rays in i)rodudug tho 
coloration of glass, with the object of explaining the clause 
which he succeeded in discovering. Those investigations woro 
made with the glass of St. Gobain, to which establislunont 
Pelouze was consulting chemist, and woro tfie soiu‘co of 
important benefit to its manufacture. 

The work written conjointly by himself and his foi’mer 
M. Premy, the *‘Trait6 de Chimie Geiifirale, analytiquo, iiidim- 
trielle et agricole,” which has passed through throi.^ cdiiioiis, 
will ever remain a monument to his memory. 

In 1848, Pelouze founded a laboratory, wljcre were odu(*a1<Ml 
several distinguished chemists. One of them, M. Pre^ny, says 
of him; Who has known so weE as he how to join to the 
lustre of a high and legitimately acquired scientific ])OHition, 
such amenity of character, or such thorough goodness of 
heart? One could scarcely make his acquaintance without 
loving him.” 

In 1848, Arago, who had the highest feeling of friendship for 
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Pelouze, proposed Idm as Pi'esidout of the “Commissioti des 
Monnaies et M^dailles” to succeed M. Fersil. In this uew and 
important position he evinced aU those high qualitioa which 
csharactorize an administrator. The most important monetary 
operations have been accomplished during his presidency. He 
carried out with gi*eat ability the recoining of the silver and 
copper money. Latterly, with M. de Parien, he represented 
France m the monetary convention settled between France, 
Italy, Bolgiunr, and Switzerland. 

Although Pelouze did not run after honours or fortune, it 
may be said that they came to him as the natural recom¬ 
pense of merit and earnest work. In 1838, ho was nommated 
Chevalier do la L4gion d’Houneur, OfiGlcicr in 1850, and Com- 
niandour in 1854. Moreover, he had received decorations from 
most coimtries of Europe, and was a member of nearly all the 
sdontific societies. 

Since 1849 M. Pelouze was a member of the Municipal 
Couudl of the town of Paris; during his connection with that 
body, he was very influential hr doing much for the sanitary 
condition of the great metropolis of Europe; and, leaving to 
his colleagues the charge of the ombellisbment of the diy, he 
devoted his great knowledge to those important questions on 
whidb. the health and comfort of its inhabitantB depend. He 
was untiring in searching out the causes of insalubrity or 
discomfort, and in finding means for removing them. 

Pelouze owed bis high scientific position entirely to his 
groat energy of character. Ids rectitude and xurswerving reli- 
airco on tiro value of experimental research; he was wilhag to 
leave to others the clevelopmorrt of theory. He died in June, 
1867, after" more than tbr-ty years’devotion to chemistry, and 
was buried with great honours. M. Dumas on that occasion 
delivered a funeral orstion, full of eloquence, and char'aoterized 
by much feoUug iurd a just appreciation of the rrrau. 

John Tennent, one of the original Follows of tlris Society, 
was born at Well Park, in Glasgow, in the year-1813. He was 
educated at the Grammar School of that city. At an early age 
he was employed at the silk factory of the Messrs. Pollack, at 
Govan; and while thrrs engaged, devoted the whole of his 
leisure time to the cultivation of physical and chemical sdonoe. 
Leaving the factory about the year 1833, he entered the labora- 
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tory of Dr. Macconocliie, in Glasgow, with a view to tho more 
systematio study of chemistry, &c.; and afterwards pursued 
the same course of study in the College lal)Oi*atoiy, where ho 
acted as assistant to Dr. Thomas Thomson. 

In the year 1837 Mr. Tennent became acquainted whh 
Mr. Charles Macintosh, and was employed by him in experi¬ 
menting upon the artificial production of ultramarine, and also 
at the Cudbear Works at Dunchattaai. In the autumn of this 
year he accepted the proposal of Mr. Macintosh to go to Iho 
Mauritius and Madagascar in search ol superior qualities of 
lichen for the Cudbear manufactime. Sailing from Liverpool 
in October, he suffered shipwreck on the coast of Ireland, and 
returned to Glasgow, with loss of everything but life. In 
December he again started from London, and was absent about 
eighteen months, visiting and exploring the accessible paits of 
the Mauritius, Madagascar, Bourbon, and the Capo. Ho sue- 
ceeded, with mnch difficulty, in collecting numerous specimens 
of lichens, gums, india-rabber, and other nulky juices; amongst 
these latter, gutta-percha, unknown before that time as an 
article of commerce, and only applied to usefiil purposes 
several years later. Mr. Tennent sent home considorablo 
quantities of several of these products, accompanied by analyses 
and descriptions of practical ti-ials of their commercial value: 
but owing to the high price of labour in some of thoso colonies, 
and the impossibility in others of getting the recently emanci¬ 
pated natives to work, the main object of the expedition was 
frustrated, and did not prove oommercidlly successful. 

On Mr. Tennent’s return to Scotland in 1839, he bocamo 
practical manager of the Alum and Piussiate of Potash Works 
helonging to Mr. Macintosh, at Campsio, whore ho ivxnained 
until the year 1845. 

In that year he undertook the management of Iho Ohronm 
works, belonging to Messra. J. and J. White, nl Hbawficld, 
bnt remained there only about one year. In 1817 Mr. Toii- 
nent entered into a paitmi’ship with Mr. John Tcniiaul, of 
St. BoUox, to work, at Bennington, tho gas-tar and airuuoniacal 
liquor produced at the Edinburgh and the Edinbui^gh mH Loitli 
gas-works, and personally superintended these works till tlio 
year 1853, when he was requested to join the firm, and take 
the active management of the large bleaching powder and 
alkali works of Messrs. Charles Tennant and Co. at St. 
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Bolloz^ Glasgow. This he did till the date of his death, 
plamiiag and snperintendmg the large branch work erected 
by Messrs. Tennant and Co. in the year 1863, at Hebburu on 
the Tyne. 

Mr. Tennent has left no pnbliidred records of his skill as a 
chemist. ESs field lay in the application of chemical and 
physical science to the inanniactTire of Ihe most laa^ly nsed 
chemical products, in the purest mercaninle form, and upon the 
largest practicable scale; and in this field, and with a wider 
scope than it falls to the lot of most men to encounter, he was 
eminently sucoessM. The object of his ambition was to have 
the largest chemical work under his control, and ho obtained it. 

During the last twenty years of his life Mir. Tennent 
suffeied constantly and most severely from chronic rheuma¬ 
tism, which painfhlly racked and crippled his body, but ap¬ 
peared to have uoinfiuence upon his mind, which retained its 
vigonr to the last. He died at Glasgow, from an attack of 
diarrhoea, at the age of 54 years. 

We have now to speak of one of our deceased members to 
whom was mainly due the founding of this Society; for although 
it must have occurred to many minds that Chemistry would be 
promoted by ihe doser assodation of its votaries, yet it is wdl 
known that the zeal of Robert Warington contibutedchiefly 
to this end, and that be filled for many years the post of Secre¬ 
tary, during a paiod requiring the greatest devotion of all its 
officers to the iuteiests of the Soduty, iu order to ensore an 
ultimate success. 

Robert Warington, tho third son of Thomas Waring¬ 
ton, w<is bom at Sheomoss, on the 7th September, 1807, bis &ther 
beiirg at that time a victualler of ships. When ten years of age 
bo was entered at Marcbant Taylors’ School, whore he remained 
four years. On leaving school, ho bocamo a home pupil of 
Mr. J. T. Cooper, then well known as a lootiirer on Chemistiy, 
and was articled for five years ^m November, 1822. Mr. C o o p or 
lectured at that time on Chemistry at the Medical Schools of 
Aldeisgato Street and Webb Street; bo also manufactured the 
more rare chemical substances, was the only maker of potassium 
and sodium’i’ in Great Britain, and for some time ery'oyed a 
monopoly of tire manufacture of iodine. 

* Sodim ftt that time vas sold at 12 goinoas per ODtiM. 
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On. the opening of UniTersity College, in 1828, Mr. Waring* 
ton -was chosen byDr.E. Turner, as his assistant, in ooi^pinction 
•with Mr. W. Gregory, afterwards profossor of clu’Jnistry at 
Edinburgh. Mr. Warington renudnod throe years as assistant 
to Dr. Turner, and took charge of the practical dahses. While 
at University College, he communicated to the “PhiloHoplucal 
Magazine ” his fii'st pubh'shed research, entitled, “ Exunuiuitiun 
of a Native Snlphui-et of Bismuth.” 

In 1831, Mr. Warington entered the service of Messrs, 
Truman, Hanbury, andBuxton, tire well-kuo'WTi brewcTs, juhI 
remained at the brewery until 1839. In 1835, he mnnied 
Elizabeth, the daughter of the late Mr. George Jackson, a 
surgeon and skilful amateur mechanist, well known for his many 
improvements in the constraotion of the microsoope. Mr. 
Warington’s connection "with the brewery did not prevent the 
pursuit of chemistry in his leisure; his papers during the period 
were “ On the establishment of somo perfect system of Chemical 
Symbols, with remarks on Professor Whe well’s paper on that 
subject.”—^PhiL Mag., Sept., 1832. “ On the action of Chromic 
Add upon Silver, and its combinations -with tho oxido of that 
metaL” 

About the year 1839, Mr. Warington canvassed for the fon- 
matron of the Chemical Society, and on the 23rd of February, 
1841, convened a meeting at the rooms of the Society of Arts, 
whi(i resulted in ’the formation of our Society. Mr. Waring- 
ton •was appointed one of the Secretaries of the Society, and 
held •the ofS.ee for ten years. On his retiiemeut he received a 
testimonial of plate, suhsorihed for by the FeEo^ws of the Society. 

The papers published by Mr. Warington up to 1842, wero; 
** On the Coloured Films produced by Electro-chomical luHtumoe 
and by Heat,” Phil. Mag., 1840; “On the Preparation of 
Chromic Acid,” Mem. Chem. Soo., 1841; “ On a Rc-jirnnigo- 
ment of the Molecules of a Body after Solidification,” Mem. 
Cfiiem. Soo., 1842; “On the change of Colour in tho Biniodido 
of Mercury,” Mem. Chem. Soo., 1842; “Some additional observar 
tions on the Eed Oxalate of Ghrominm and Potash,” Mom. Chem. 
Soc., 1842. 

On the dea'thof Ifr. Hennell, in 1842, Mr. Warington •was 
appointed chemical operator to the Sooieiy of Apothecaries, a 
petition which he held until ■within a year of his deatL Hw 
professional engagemen^ts became vary numerous during his 
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oonneotion ■with, the Apothecaries’ Society, and he was often 
employed as scientific adviser in important actions at law; he 
nevertheless fotmd leisure for scientific investigationB and for 
the promotion of chemistry. He took part in the formation of 
the Cavendish Society, in 1846, and held the office of Secretary 
for three years. He also was one of the promoters of the 
Eoyal College of Chemistiy, and was for some time a member of 
the OouuclL Besides contributions to chemistry, Mr. Waringt on 
commenced experiments on the relations of animal and vege¬ 
table Hfe in stagnant ■water, which resulted in ■the establishment 
of the “ Aquarium.” The result of his first experiments in tbia 
Kne of investigation was presented to the Chemical Sodely in 
1850; and he followed up the subject in sevmral papers, com¬ 
municated to various journals. 

Mr. Warington’s other published researches were chiefly 
the foUo^wing;—“ On the action of Alkalies on Wax“ On a 
curious change in the Molecular stnicture of Silver;” “On a 
curious change in the Composition of Bones taken from Guano 
“ On some Commercial Specimens of Green Glass“ Observar 
tions on ■the Action of Aniuial Charcoal“ On ■the Green Teas 
of Commerce“ On the Prepara^tion of Turnbull’s Blueand 

On the Production of Borado Acid and Ammonia by Yolcaxdo 
Actionwhich will be found in the pubHcatious of our Sodeiy. 

Mr. Warington was a juror in the Intengational ExhiHtion 
of 1862, and was elected a juror for the Paris Exhibition of 
1867, though unable to attend. He was elected a Fellow of the 
Boyd Society m 1864. 

In 1851, Mr. Warington re^vised the translation of the 
Pharmacopoeia, left unfinished by Mr. Phillips; he was also 
much engaged in the construction of tire British Pharmaoopoda 
of 1864, and was one of the editors of the 2nd edition of ■this 
work, in 1867. He was, moreover, one of the editors of the 
abridged edition of “ Pereira’s Materia Medioa.” 

In the autumn of 1865, HBr. Warington’s lungs became 
seriously affected, and he passed the ■winter at Hastings; the 
follo^wing ■winter he went to Worthing, and ultimately died at 
Budleigh-Saltertont,in Devoiushire, on the 17th November, 1867. 

Mr. Warington’s career vras marked by an unflagging zealin 
the promotion of the interests of chemistry, and 1^ success in 
a variety of pursuits; for he was not only well known as a 
chemist, but was an exooUent microscopist and an ardent culti- 
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vator of natxiral science. He was much respected, both hi 
pubKo and private life, and evinced a sincero pleasure in aiding 
the researches of others. 

The late Mr. William Winsor, one of the founders of Iho 
well-known house of Winsor and Newlon, was born in 
1804, and until within twelve mouths of lu« cb'ceast' personnlly 
superintended the business opei*aiions of the house, INm^ssing 
an extremely accurate eye for colour, <ind an extensive know¬ 
ledge of practical chemistry, he brought the nuinufueturo oi 
many pigments used in the fine arts, to a high state of }>er- 
fection. The rapid growth and wide rbflusion of tasie for 
painting, which has shown itself during the last thirty yc^ars, 
caused a largely increased demand for luatorial, which his 
knowledge of chemistry and incdiamcs enabled him to devise 
meaiis of supplying. 

When the late Sir Charles Eastlafee was writing his work 
^‘Materials for tho History of Painting,’* Mr. Winsor, l)y (lis 
desire, and m immediate connection with the subject, made a 
series of experiments, and worked out to solution certaiu im¬ 
portant questions in reference to colour. At the time of his 
decease he was engaged in revising that wcD-known sttindard 
work on colour, “Field’s Chromotography.” 

Mr. Winsor was a sound musician, and during many years 
was the principal amateur double bass in London. Ho was ah 
active mehxber of the Sacred Harinofiic Society, On the oocor 
sion of the Handel Festival of 1859, he oiBoiated ad one of the 
superintendents, and in musical matters generally took a wahn 
interest. 

He joined the Chemical {iocioty in 1869; he mtoh alHo a 
Fellow of the London and Middlcaox Arohseologiod Sotiely, 
and a member of the Sodoty of Aj-ts. 

Mt Winsor died on the Ist of Noromher, 1865, regretted 
an extenmve circle of Mends, to whom he Jind eiulearod 
Wmself by his many estimable qualities and strict prolaty of 
charactesr 

Philip James Chabot was bom in Spitalfiolds, on 27th 
Novembetr, 1801. His &tber was descended from a French 
re^e at the ReTooation of the Edict of Nantes, and was the 
mfrvivmg partner of an old firm of grain-dyers, who for many 



PR0CmDIN<3^S OP THE OHBMIOAIi SOOIETT. 


XXXV 


years had the contract of the East India Company to supply 
the scarlet 'wool for the clothing of their army. 

The son, after receiving a fair classical education, joined his 
father in the business, for which his taste for chemistry seemed 
peculiarly to fit him; but having also a great literary turn he 
soon quitted the dye-house, and in 1820 entered himself at 
St. John’s College, Cambridge, where he graduated B.A. in 
1824, and M.A. in 1827. 

He was called to the bar at Lincoln’s Inn in 1830; but upon 
the death of his father in 1832, he was induced, by the earnest 
entreaties of his friends, although much against his own inclina¬ 
tion, to give up the bar and take his father’s place. 

Whilst directing the works, he discovered sundry improve¬ 
ments in dyeing, especially in the several shades of blue. At 
length, Mr. Chabot, finding that the business had not answered 
his expectations, gave it up, and in a few years started the Silk¬ 
conditioning Company, of which he was tho secretary and 
manager till his death. He gave a lecture at our Society on 
the subject of silk-conditioning, that is, the determinatioii of 
hygrometric moisture and other extraneous substances accom¬ 
panying raw silk which is sold by weight. 

Mr. Chabot was a member of the Old Mathematical Society 
in Spitalfields, of the Cavendish, and Philological Societies, 
and a Pellow of the Eoyal Astronomical Society; he was also 
a member of the Board of Managers of the French hospital 
for the poor descendants of the French Refugees: a man ex¬ 
tremely well read, interested in science and literature, of a 
kind and sociable disposition, ever ready to take any amount 
of trouble for liis friends, and of the most scrupulous probity; 
he was trastod to an unlimited "extent by all who knew him, 
and none had reason to regret a misplaced confidence. 

Mr. Chabot joined our Sodo'iy tho year after its lortnation, 
and withdrew in 1864, he died on the 11th of January, 1868. 
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NoTember Tih, 1867. 

Mr. Warren De la Ene, President, in the Chair. 

A resolution ■was passed, “ That the Fellows of the Chemical 
Society request their President to convey to Mrs. Faraday 
thoir deep sense of the loss which science has sustained in the 
death of her highly distinguished and mudi esteemed husband, 
and to express their heartfelt sympa'thy with her in her own 
great loss.” 

The following papers were read:— 

“ On the Action of Acetic Anhydride upon the Hydrides of 
SaKoyl, Ethyl-SaKcyl, &o by Mr. W. H. Perkin, P.E S. 

“ On Nitrous and Nitric Ethersby Messrs. E. T. Chapman 
and Miles H. Smith. 

“ On the part ■taken by Oxide of Iron and Alumina in the 
Absorptive Action of Soils:” by Eobert Warington, Jun., 
Esq. 

“ Analysis of the Water of the Holy Well, a medicinal Spring 
at Humphrey Head, North Lancashire:” by Thomas E. 
Thorpe, Esq. 

“ On ■the Action of Permanganate of Potassium on Urea, 
Ammonia, and Acetamide in Strongly Alkaline Solutions:” 1^ 
Messrs. J. A. Wanklyn and Arthur Oamgee. 

“Terifioation of Wanklyn, Chapman, and Smith’s process 
of Water Analysis on a Series of Artificial Waters:” by J. A. 
Wanklyn, Esq. 


November 21st, 1867. 

Mr. Warren He la Eue, FJES., President, in the Chair. 
The following papers were read 

“ On the rdation between the results of Water Analysis and 
the Sanatory Character of the Water:” by E. T. Chapman, 
Esq. 

“On the Pyrophosphoric Amides:” by Hr. J. H. Oladsione, 
F.H.S. 



xxxviii 


PROOEBlDIliras OF THE OHBMIOAL SOCIETY. 


Decembei’ Stbf 1867. 

Extraordinary G^eueral Meeting. 

A resolution was passed that the first poragraph in tho fiitit 
bye-law be amended as follows;— 

“Every candidate for admission into the Society shall be 
proposed according to a form of rocommoudation (No. I, in the 
Appendix), subscribed by five Follows of the Society, to tlureo 
at least of whom he shall be personally known, and sudi cer¬ 
tificate shall be read and suspended in the Society’s rooms, or 
place of meeting, for three ordinary meetings.” 


Ordinary Meeting. 

The following gentlemen were duly elected Fellows of the 
Society:— 

Thomas Hall, B.A., City of London School; Charles 
Walter Maybury, Bongfllreet, Manchester; George Lnngo, 
PhJ)., South Shields; F. J. R. Carulla, Sheffield; C. Moy- 
mott Tidy, MJB., Cambridge Heath, Hackney; Augusins A. 
Wood, Cheapside; Alfred Coleman, Plough Court, Lomlsird- 
street; Walter W. Fiddes, Sothemhay, Clifton; Robert 
R Tatlook Kyles, of Bute; Wm. Phipson Bealo, Stone 
Buildings, Temple; Alexander Crum Brown, M.D., D.So 
Edinburgh. 


The following papers were read:— 

“On the Artificial Production of Counurin and Fomation 
of its Homologues;” by Mr. W. H. Perkin, P.R.S. 

“ On Turacin, a New Animal Colouring Matter:” by Pnjf A 
H. Church. ‘ ‘ 

“Note on the Preparation of Urea by Mi. John Williams. 

“An rj Ws recent rceeardhes 

On Me%hc_.^ehyde,” and “On a New Series of bodl»s 
homologous "With Hydrocyanic Acid.” 
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Decemb^ 19th, 1867* 

Mr. Warren de la Ene, F.E.S., Preadent, in the Chair. 

The foUo'wing gentleinen wore duly elected Fdlows of the 
Society;— 

Wm. Frank Smith, M.D., Sheffield; Alfred E. Fletcher^ 
Esq;., Proscot, Lancashire. 

The following paper was read:— 

“On the Freezing of Water and Bismuth:” ly Mr. Alfred 
Tribe. 


January 16th, 1868. 

Mr. Warren De la Eue, F.E.S., President, in the Qiair. 

Tho following gentlemon wore duly elected FeUows of the 
Sodety:— 

G. W. Child, MJ)., Oxford; Edward Chapman; W. G. 
Mason; Peter Griess, Buxton-on-Trent; Captain Alexander 
Walker. 

The foUowmg papers were read;— 

“ On the Isomeiio Forms of Valerio Addby Mr. Alexander 
Pedler. 

“On the so-called Tbioformio Add: by Dr- Debus, F.E>S. 
Dr. Frankland ddivered a lecture “ On Water Analysis.” 


Fehrueiry 6th, 1868. 

Mr. Warren de la Eue, F.E.S., President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Sodely;— 

Lieutenant J. W. lEozier, B.A., Staff College, Famborough; 
Herbert McLeod, Bridge Street, Southwark; Eobert 
Schenk, PhJ)., Hanover Place, Kennington; Thomas 
Charlesworth, Ldoester. 

The discussion upon Dr. Frankland’s lecture on Water 
Analysis was resumed. 
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The follo'wmg papers were read;— 

“ On a new form of Voltaic Battoiyby Mr. De la BuOi 
FJELS., and Dr. Hugo Muller, P.E.S. 

“On Gas Analysisby Dr. W. J. RusselL 
“On the Reduction of Carbonic to Oxalic Add:” by Dr. E. 
Drechsel. 

“ On some new BenzyEc Derivatives of the Salicyl Series 
Jfr. W- H. Perkin, F.R.S. 

February 20th, 1868. 

Dr. A. W. Williamson, F.R.S., Vice-Presidont, in the Chair. 

The following gentleman was duly elected as Fellow of the 
Sodety?— 

Martiu Murphy, College of Chemistry, Liverpool. 

Mr. David Forbes, F.R.S., delivered a lecture “ On Chemical 
Gleology.” 


March Sth, 1868. 

Mr. Warren De la Rue, F.R.S, President, in the Chair. 

The following gentlemen were duly elected Fdlows of the 
Sodeiy:— 

Benjamin H. Paul,Ph.D., Gray's Inn Square; Thomas 
W. White, Ifield, Crawley, Sussex; Edward Dowson, MJ)., 
Park Street, London. 

Mr. Reinhold Richter was elected an Assodate. 

The &Ilowing papers were road:— 

“ On the Action of Oxidising Agents on Organic Compouiuls 
in presence of excess of Alkaliby Mesbrs. J. A. Waukly n and 

E. T. Chapman. 

“Note on Dr. Frankland’s Process of Water Analysis1^ 
Hz. E. T. Chapman. 

“Note on the Estimation of Nitric Add in Potable Waters 
by IMb. E. T. Chapman. 

“On the Hydride of Aceto^alicylIw Mr. W. EL Perkin, 

F. RB. 
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“ On tite Absoiptiou of Vapours by Oharcoalty Mr. John 
Hunter, MA. 

“On the Occurrence of Prismatic Arsenious Add:” Mr. 
Frederick Claudoi. 

“ On the Action of Nitric Add upon Picramic Addly Dr. 
Stenhouse, P R.S. 

“ On Chloranilby Hr. Stenhouse, P Jl S. 

“ On the Action of Zinc-ethyl on Nitrous and Nitric Ethers:;’’ 
by Messrs. E. T. Chapman and Miles H. Smith. 


March 19th, 1868. 

Mr. Warren, De la Bue, F.B.S., President, in the Chair. 

The following gentlemen were duly dected Fellows of the 
Society:— 

B. Calvert Clapbam, Newcastle-on-Tyne; B. Byramjee^ 
MJ>., Bombay Army. 

Dr. Meuzel was elected an Associate of the Sodely. 

Professor Eolbe gave a verbal account of the Transformation 
of Carbonate of Ammonia into Urea. 

Mr. H. Chance delivered a lecture “On the Manufacture of 
Glass.” 


March SOtb. 
Anniversary Meeting. 


April 2nd, 1868. 

Mr, Warren De la Bue, F.B.S., President, in tire Chair* 

The following gentlemen were duly elected Fellows of the 
Sodefy:— 

John Tyndall, LL.D., PJE.S-, Boyal Institution. 
Frederiok Guthrie, FED., Boyd College, Mauritius. 

W. B. Giles, Old Swan, Liverpool. 

The following papers were read:— 

“On the constitution of Glyoxylio Add:* by Messrs. W. 
fl. Perkin, FJELS., and B. F. Duppa, FH.S. 

“ On a Gllyoxalic Amide:” ly Dr. Odling, FJB.S. 
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“ On the occunence of Organic appearances in Colloid Silica, 
obtained b 7 Dialysis;” byMr W. Chandler Boberts. 

“ On the Solubility of Xanthine in Dilute Hydrochloric Add:” 
by Dr. Bence Jones, F R S. 

“ Researches on New and Rare Cornish Mineralsby Pro£ 
A. H. Church. 


Apiil 16th, 1868. 

Mr. Warren De la Rue, F.R S., President, in the Chair. 

The following gentleman was duly elected a Fellow of the 
Sodety;— 

Lieutenant Francis C, H Clarke, Staff College, Fnm- 
borough. 

The following papers were read;— 

“ On an improved Voltastatby Dr. Guthiio. 

“ On Oiap^c Formulaeby Dr. Guthrie. 

“On the Tetiaphosphorio Amides:" by Dr. J. H. Glad¬ 
stone, F.R S. 

“ On the Solubilily of Plumbic Chloride in Water, and in 
Water oontaiuing Hydrochloric Add1^ Mr, J. Carter Boll. 


May 7th, 1868. 

Mr. Warren De la Rue, F.R S., President, in the Chair. 

The foUowing gentleman was duly elected a Fellow of the 
Sodety:— 

Thomas Bournes, St. Helen’s, Lancashire. 

Mr. C. W. Siemens, F.R.S., delivered a lecture “On tlio 
Regenerative Gas Furnace, as applied to the Pioductiou of 
Cast SteeL” 


May 2l8t, 1868. 

Ifc. Warren De la Rue, F.R S, Ihresident, in the Chsirt 
The folkwing papers were read 

“Some Es^enments on the AppHoation of the Measurement 
of Gases to Quantitative Analysisbv Dr. W. J. Russell. 
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“ Observations upon the Oombming Powers of Carbonby 
Mr. W. H. Perkin, P.B.S. 

“On the Beduding Action of Peroxide of Hydrogen and 
Carbolic Acid;” by Mr. John Parnell. 

June 4th, 1868. 

Mr. "Warren De la Bue, F.B.S., President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Society;— 

Henry Chance, M.A, Oldbmy, Birmingham. 

William Hustler, Esq., BosemeiTyn, Falmouth. 

Wm. Bourger Miller, Esq., BoyalMint, Sydney. 

The following papers were read;— 

Chemical notices. I. “Action of Chloride of Zinc on Oxalic 
Ether,” H. “On the Artificial Production of Pyridine.” HI. 
“ Isomerism in the Organic Cyanides;” by Messrs. E. T. Chap¬ 
man and Miles H. Smith. 

“On the Modes of Testing mineral Oils used in Lamps;” by 
Dr. B. H. Paul. 


June 18th, 1868. 

Mr. Warren De la Bue, President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Society;— 

H. B. Bid del, Stratton Street, Piccadilly. 

S. A. Saddler, Oldbury, Biimingham. 

The following papeps were read;— 

“Additional Note on Tetraphosphoric Amides;" by Dr. 
Oladstone. 

“On High Chemical Formulse—^the ground on which they 
rest;” by J. A. Wanklyn, Esq. 

“ On the Production of Saltpetre in India;” by Dr. W. J. 
Palmer. 

“ On an Instrument for Maintaining Constant Temperature;" 
by Dr. Guthrie. 

“On Chalybite, Diallogite, and Woodwardite:” by Prof. A 
H. Church. 
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Donations to the Libraiy, Session 1867-8:— 

** Nev Experiments, Physioo-mobhanical, tonching the Air: 
by the Hon. Robert Boyle: from the Rev. B. W, Oibsone. 

“ Principles of Chemistry, fonnded on Modem Theoriesby 
A.Na(juot: translated from the Second Edition, l)y W.Cortis, 
and revised ly Dr. T. Stevenson: from the Pubhshor. 

“An Introdnction to Pharmaceutical Chemistry:” by John 
Attfield: from the Author. 

“ Supplement to the Mineral Resources of Central Italy:” by 
W. P. J ervis; from the Author. 

“ Catalogue of Scientific Papers (1800-1863):” compiled and 
published by the Royal Society of London: from the Royal 
Soraety. 

“A Dictionary of Chemistry, and the Allied Bronchos of 
othmr Sciences;” by Henry Watts. Parts XLIH., XLIV., 
XLV.; from Messrs. Longman and Co. 

“Chemical Notes for the Lecture-room:” by Thomas 
-.Wood; from the Author. 

“An Essay on the Theory of Phlogiston:” by G. F. Rod* 
well; from the Author. 

“ Abric^ements of Specifications relating to the Plating and 
Coating of Metals with Metals;" compiled by W, H. Walonn; 
from the Compiler. 

“Abridgements of Speoifications rdating to Photography;” 
Part. H.: compiled by W. H. Walenn; firom the Compiler. . 

“Experimental Investigations connected with the Supply of 
Water from the Hoogbly to Cedcutta:" by David Waldio: 
from the Author. 

“ On the proposed Watereupply of the Metropolis:” by E. 
Frankland: from the Author. 

“Agricultural Pamphlets;” by Augustus Voeloker; from 
the Author. 

1. Field Experiments on Root Crops. 

2. The Composition and Nutritive value of AnthylUs vtit- 
nerctria as a Fodder Plant. 

8. Field Experiments of Crude German Potashnsalts and 
Common Salt on Mangolds. 

4 The changes which take place in the Fidd and Stack in 
Haymaking. 
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’‘AtLstralian Yogetation, mdigenous or iatrodtioed;” by Dr. 
Ferdinand Mtillor: from Ihe Author. 

Bc^ort on the Yegetable Products exhibited at the Inter¬ 
national Exhibition of 1866-7: by Dr. Ferdinand Muller: 
from the Author. 

“ On the Temperature of the Ancient World:” by C. Daubeny: 
from the Author. 

“ On the Existence of Rooks containing Organic Substances 
in the frmdamental Gneiss of Sweden: by J. Igelstrom, 
A. E. NordenskiSld, and F. L. Erman: fi-om the Authors. 

“ On the Magnetic Attraction of Cosmical Bodies:” by J. A. 
R. Newlands; from the Author. 

“ A Sketch of a Philosophy.” Part. 11. “ Matter and Mole¬ 
cular Morphology:” from Messrs. Williams and Norgate. 

“A programme of Atomechanics, or Chemistry as a Mecha¬ 
nics of the Panatomsby Gustayns Heinrichs: from the 
Author. 

“Hydrologie G&n&’ale:” par A. A. Ferreira: from the 
Author. 

«Etudes sur les Af6nit6s Ohimiques:” par E. M. Guldberg 
and P. Waage: from the University of Christiania. 

*‘Rechcrchu8 sur la Reduction du Niolnuin et du Tantale;” 
from 0. Marignac: from the Author. 

Systematisdhe ZusammensteUung der sogenannten xmor- 
ganischen Yerbindungen:” von C. Weltzien; from the 
Author. 

. “Kurzes Lohrbuch der Chemie, nach don nouesten Ansichten 
<ior WisscnsclrafL, vonH.E.RoBcoe. DeutscheAusgabe,unter 
Mitwirkuug des Verfrissers, boarbeitot von C. Sohorlemmer;” 

from Professor Rosooe. 

“Postsolmft hotauBgogeben von der Naturforschenden Ge- 
sellschaft in Basel, zur Poior des fiuilzigjahrigen Bestdhens, 
1867.—. 

i. “Gescbidite dor Naturforschenden Gesdlschaft in Basel 
wfrhrend der ersten fUnfrag Jahre ihres Bestehens:” von 
Peter Merian. 

ii “Ueber die Angabe dor Naturgosdhidhte;” von Prof. Ruti- 
moyer. 

iii. “ Ueber das Grundwasser und die BodenverhMltniBse der 
Stadt Basd:” von Prof. Albr. Muller: 

from the PhiloBophical Society of BaseL 
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“Ueber die phytdkalisdhen Arbeiten der Soeietas JSleheHca, 
1751-1787:" von Dr. Fritz Burckhardt: from the Philo¬ 
sophical Society of Basel. 

“Chemisohe Unterstichttng der 'wiohtigsteh MinoralvTafiseT dos 
Herzogthiuns Nassau:” von R. Presenius; from tho Auilior. 

“Om de i Norge forekommcnde Fosfdle dyrelcvuingor fra 
quart Aerperioden, et Bidrag til vor Faunas Ilistorie:” af 
Dr. Michael Sars: from the University of Christiania. 

“ Veiviser ved geologiske Exoursionor i Christiania Omogii, 
med et fervetrykt Kart og flere Trasnit: af Lector Thoodor 
Kjerulf: from the University of Christiania. 

Periodicals:— 

“Philosophioal Transactions,” 1867, Part EL: from the Rojral 
Society. 

“List of Officers and Fellows of the Royal Society for the 
year 1867from the Royal Society. 
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I.— On the part taken hj Oetuh of Iron and Akmina in the 
Ahsorptioe Action of Soils. 

By Robeut Warington, Junr. 

Some time ago I laid before the Society tlie reeiilts of some ex¬ 
periments upon the solubility of phosphate of calcium under 
various conditions * Two of these experiments were upon the 
behaviour of hydiated ferric oxide and hydrated alumina when 
placed in contact with a solution of tricaloic phosphate in cal'- 
bonio water; the result obtained was of a very decided 
character, la botli cases the phosphoric acid was almost 
entirely abstracted from the solution, while the calcium re¬ 
mained dissolved in the form of carbonate.t This reaction 
suggested tlio idea tliat the power possessed by soils of remov¬ 
ing phosplioric acid from its solutions was probably owing to 
the presence in soils of ferric oxide and alumina; that indeed 
the absorptive action of soil towards phosphoric add was 
nothing more than an ordinaiy case of ^emical afSnity, the 
oxide of iron and alumina of the soil uniting with the 
phosphoric add to form insoluble phosphates of iron and 
aluminium. To ascertain the correctness of this conclusion 
was the object of the first experiments; it was sought to dis¬ 
cover whether the oxide of iron and alumina that occur in soil 
liad the bame action towards phosphoric acid as the predpitated 
fenic oxide and alumina previously employed. 

♦ Jour. Ohom. Soc. [2], iv, 296. 

t Tho ferric oxvlo absorbed 96*7 por ceui of the phosphoric acid preseu^ the 
vrholo of the calcium remaiued in solutioix. The alumina absorbed 96*8 per cent, of 
the phosphoric acid, and 96*6 per cent of the calcium remauxed diasolyed. 

VOL. X\l. B 




2 WABINGTON ON THE PABT TAKEN BT OXIDB OF IRON 


I. Alaorplion of Phosphoric Add by Soil —^Tho plan of tho 
experiment i?^ras to take a soil and place it in contact with a 
solution of phosphate of calcium in carbonic watei-—iroat il 
in fact precisely as the precipitated ferric hydrate had been 
treated—to observe if absorption of phosphoric acid took place, 
and if so. whether this absorption were accompanied^ by a 
decomposition of the phosphate of calciitm. 

The conditions of the experiment required that the soils 
used should be as nearly as possible free from limo; snu'o if 
lime were present it would dissolve in the carbonic waiej:, and 
render valueless any determination of the proportion of cedcimn 
to phosphoric acid in the liquid after the action of the soil. 
Two soils were made use o£ In the state in which they were 
employed they had the following composition.:— 


Moisture... 

Organic and volatile matter. 

Silica and insoluble silicates. 

Oxide of iron and alumina .. 

Phosphoric add. 

Lime.._ 

Soil A. 

. 1*54 

. 3-69 

. 87-31 

.... 6-82 

. -05 

__ .11 

SoilB. 

6-57 

17-03 

55-29 

19-31 

•34 

Magnesia.,.. ... 

» • ♦ • * XI. 

20 

•03 

Pot^h.... 

.1 


Carbonic add, traces of other substances, t 

•55 

and loss .. 

. "ISj 



100-00 

100-00 


It will be remarked that sorl B contamed much more oxide 
of iron and alumina than soil A. 

In the first experiments the attempt was made to free the 
soils entirely from soluble calcium salts before subjecting them 
to the action of the phosphate. To this end the soils wore 
treated with water, and a stream of carbonic add made io pass 
through the mixture, the water being removed by decanta¬ 
tion every two or three days and fresh water substituted. As 
however after a long treatment ot tliis nature fresh carbonic 
water still continued to remove traces of hme, the soils were 
fierther treated with diluto acetic add, and then thoroughly 
washed with water. ° 
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Ejxpmmmt 1.—600 grs. of soil A were freed from lime as 
above described, and then treated with 8000 grs. of a solution 
of tricalcio phosphate in carbonic water: carbonic acid was 
passed through tho mixture from time to time. After 18 days 
the liquid was filtered from the soil, and the latter washed two 
or tliree times with carbonic water. The liquid yielded to 
analysis 1*09 grs. CaCO^, and *63 gr. 

Eji'peritnmb 2,—600 grs. of soil B treated exactly as soil A. 
After 17 days the liquid was removed: it yielded *74 gr. CaCOg, 
and *05 gr. MgaPgO^. 

Ejrperimeut 3.—8000 grs. of the solution of tricaldc phos¬ 
phate in carbonic water used in experiments 1 and 2, gave 1*92 
grs. CdCOg, and 1*28 grs. Mg^P^O^.* 

From tht‘SO data we find that soil A had absorbed 50*8 per 
cent, of tho phosphoric acid originally present, and 43*2 per 
cent, of the lime. Soil B had under the same circumstances 
absorbed 96*1 per cent, of the phosphoric acid, and 61*5 pei* 
cent, of the lime. 

It is to be remarked in the first place, that soil B (the one 
oontammg tho large amount of iron) had absorbed a much 
greater quantity of phosphoric add than soil A. Next, that in 
neither case had the absoiption of phosphoric acid and lime 
been equal, as it would have been had the tricaldc phosphate 
been absorbed without chemical change, but that each soil had 
removed more of phosphoiic add than lime from the solution, 
this being especially the case with soil B. Notwithstanding, 
tlie soils lutve not comported themselves entirely as the pure 
ferric oxide and alumina of the termer experiments, for these 
while absorbing phospliorie add, left, practically speaking, the 
wliol(» of the lime in the solution, whereas the soils have each 
removed lime to a considerable extent. This removal of lime as 
well as phosphoric acid from the solution might of course be urged 
ns evidence that the absorption of phosphoric add by the soils 
could bo only partially attributed to chemical atfinity; that, in 
fact, phosphate of calcium had been withdrawn as sudi from the 
solution by mere physical attraction. 

It is well known that lime, in common with other bases, comes 
within the influence of soil absoiption; it seemed therefore not 

♦ The Bolaiiona <rf phosphate of calcim used throughotit these ea:penmetttB were 
rievor saturated with the salt, lest any should be deposited in the soil by mere 
change of temperature or pressure. 

B 2 
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Tmlikely that the soils in these experiments, impoverished in 
lime as they actually were, had absorbed it by vi'tuo simply of 
their affinity for itself: that in fact, the decomposition of the 
phosphate of calcium might have been cmnpUte so far as the 
absorption of phosphoric acid wab concerned, and a portion of 
the carbonate of calcium produced have been subsequently re¬ 
moved from the solution by a distinct action of the soil. If 
therefore it could be shown that the soils used in the experiments 
absorbed carbonate of calcium fi*om a carbonic solution, the for(*e 
of the objection would cease, and the results obtained would 
become consistent with the idea, that the oxide of iron andalumina 
wei-e the only agents in the absorption of the phosphoric acid. 

The next experiment was planned with a view to determine 
the question. The trial was made with soil B, the soil which 
had given the greatest absorption both of lime and phosphoric 
acid. 

Easperimmt 4.—400 grs. of soil B were treated with 5816 
grs. of a solution of carbonate of calcium in carbonic water, 
gas being passed through the mixture from time to time. After 
three days, 5255 grs. of the solution were removed; they 
yielded 3*15 grs. CaSO^. 

Experiment 5.—^2371 gi*s. of the solution of carbonate of 
calcium used above gave 1*96 grs. CaSO^. 

From these figures it appears that the solution in contact 
with the soil had contained 3*58 grs. of carbonate of ailcium, of 
which *97 gr. was removed by the 400 grs. of soil.* This ex¬ 
periment leaves no doubt that the soil really possessed the 
property of removing lime from its solution in carbonic a(*id. 

It was thought that by emj)loymg a soil less exhaustt*<l of 
lime than in the previous expeiimeuts, the quantity of lime 
absorbed by it from the solution might be reduced, tiiid the de¬ 
composition of the phosphate of calcium made more evident; in 
the next experiment the treatment of the soil with acetic acid 
was therefore omitted. 

Expervment 6.—400 grs. of soil B, well washed with carbonic 
water, were treated with 8000 grs. of a solution of tricalcic 
phosphate; gas passed each day. After six days the liquid was 
removed; it yielded 1*32 grs. CaCOg, and *12 gr. MgaP^Oy. 

* Thafa the same soil ^oold give up liiae lo a solnUoa of carbonic acid, yet 
absorb lime from a carbonic solntzon vhezi ofiered to it in larger quantity, is Quito 
agreeable to the lavs of soil absoiplion. 
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Ifij'perimnt 7.—8000 grs. of the bolution of tricalcio phos¬ 
phate used above yielded 2*59 gTS. CaCOg, and 1*94 gr. 

It appears that the soil had hero absorbed 93*8 per cent, of 
the phosphoric acid contained in the trioalcic phosphate, and 
only 49*0 per cent, of tlie lime. The decomposition of the phos¬ 
phate during the absoiptioji is more evident than in the former 
experiments, ovdng to the smaller appetite of the soil for lime. 

I think it will now be allowed that the two soils operated on 
have shown a power of decomposing phosphate of calcinm, a 
power quite similar to that possessed by hydrated ferric oxide 
and alumina: that in addition to this, the soils had the property 
of absorbing carbonate of calcium from its solution in carbonic 
acid. These points have been established, not indeed so folly 
as they might have been by a more extended research, but yet 
sufficiently to show that the ferric oxide and alumina of a 
natural soil, have the same power of removing phosphoric acid 
from solution and combining with it which is possessed by the 
precipitated hydrates. Such being the case it follows that in 
all soils containing a sufficient amount of oxide of iron or 
alumina, the phosphoric acid wfll be found in combination with 
these basos, and not as an alkaline or alkalinehearthy phoi^hate. 
It is evident also that in such sofls phosphate of iron or 
aluminium must be the ultimate state of all phosphoric acid 
applied in manure. When we recollect the small amount of 
phosphoric acid that occurs in soil, and the imiversal and 
generally abimdant presence of ferric oxide, it appears that the 
exc(‘ptioiis to tins rule must be very rare. 

It is too much however to say that a soil in eveay case re¬ 
moves phosphoric acid from solution soldy by virtue of the 
oxide of iron and alumina which it contains. Dr. Yoolcker 
has shown that when a solution of superphosphate of lime is 
brought in contact with various soils, it is the boil which con¬ 
tains most calcium that generally removes the greatest quantity 
of phosphoric add. Way has also told us that soils have the 
property of removing carhonio acid from its solution in water, 
60 that a saturated solution of phosphate of calcium in carhonio 
water would deposit on contact with soil. 

There are thus several ways in which phosphate of calcium 
may he thrown out of solution on contact with soil; but though 
the oxide of iron takes no part in these comparatively sudden 
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actions, it most in eveiy cii&o fituxUy convert tho phosphate* ot 
caldtnn into phosphate of iron. 

The piopeity belonging to ferric oxide, alumina, and soil, of 
readily decomposing phosphate of caldmn, had not I think In^en 
previously ascertained; several "writers have however aacrilK'd 
to the ferric oxido and alumina of soil the power of comliining 
with phosphoric add. The only research on the sul|]"oct 1 have 
met with is a recent one of Dr. Peters.* lie tried to <lihoover 
the condition in which phosphoric add exists in soil by acting 
upon soils with a variety of solvents. The conclusion ho 
draws from an extended research is, that by fax the greater 
part of the phosphoric add contained in soils is combinud 
with iron and aluminium. The view thus confirmed is 
strikingly opposed to that idea of the absorptive power' of 
soils advocated by Liebig, who tells us that the power 
of absorption depends on a surfeoe attraction enjoyod by all 
the component parts of a fertile soil, in which tho attrack*d 
partides enter into no chemical combiaation; and that the 
arable soil will withdraw phosphoiiu add without any 
chemical interchange with the constituents of the oartli taking 
place.* 

We pass now to another part of the subject. What is tho 
action of the oxide of iron and alumina of a soil towards potash, 
ammonia, and other bases, which soils are known readily to re¬ 
move from solution ? In the hope of affordmg some answer to 
this question, the behaviour of pure hydrated ferric oxido and 
alumina towards solutions of potassium and ammonium salts 
was made the subject of the next e3q)eriments. The series will 
be found in many points incomplete, but being at present unable 
to pursue it further, I must be content to apeak with doubt on 
points where further research might dear- the subjed. 

n. Ahsorption of Carbonate of Potaadum by Fmie Osndet—T\\o 
ferric oxide was prepared ly predpitating a dilnte solution of 
ferric chloride by ammonia; the precipitate was washed by dtv 
cantation ,till no trace of ddorine was found m the washings. 
The ferric oxide was next transferred to a large filter, and the 
excess of water removed by pressure between blotting paper. 
The amount of water present was determined in a portion of 

* TTdwr das Yedulten dei Thogpiuasitire in Bedboden. (Amtalen der land- 
Jaansiy 1867, p. 81.) 

f Liebig's Nstnnl Lsm of Hosbandiy, pp. 67-8. 
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tho masa by ignition, and thu romainder taken for tbe absorp¬ 
tion exporimont. 

Of course all bygroscopic water would diffixse into the salt- 
Holuliou, while the water of hydration would remain with the 
fciTioiOxido. As the absorption of salt was asce3*tamed only by 
the weakening of tho solution, it was essential to know exactly 
the amount of water diffused into it from the moist hydrate; 
tho state of hydration of the ferric oxide had thus to be deter¬ 
mined. This was done in two instances, and being found 
constant, tho result was adopted for all the experiments. 

Hydrated ferric oxide prepared as above, and dried over oil 
of vitriol, gave in one case 15'BG per cent.; in another, 15*45 
per cent, of water. According to Wittstein, the hydrate 
when freshly precipitated contains 25*71 per cent, of water 
(PegHgOg), but after keeping for some time under water oon- 
tiuns but 14*76 per cent. (Fe^HgOg). It is seen that the hydrate 
prepared as above had not quite reached this last stage. 

Two solutions of carbonate of potassium were employed; 
solution A contained *9905 por cent,; solution B *9993 per cent. 
KjCOg. In all the experimonts with carbonate of potassium, 
the salt was determined in the form of nitrate. 

'BkspmmenJt 1.—234 grs. of hydrate containing 80 per cent, of 
water, and 4420 grs. of solution A; the Tnixture shaken from 
time to time. After two days the liquid was filtered. 510 grs. 
of the solution gave 6*62 grs. KNOg, or *8872 per cent, KjCOg. 
The oxide of iron had here removed 2*99 grs. 

100 of the anhydrous oxide present. 

Expmmmt 2.—188 grs. of moist hydrate containing 80 per 
cent, water, and 4420 grs. of solution A, saturated with car¬ 
bonic acid before addition of the iron. After five days, 510 grs. 
of solution gave 6*59 grs. KNOg, or *883 per cent. EgCOg. The 
ferric oxide had here absorbed 3*48 grs. cent, 

of the auliydrous oxide present. 

Eapenm^it 3.—409 grs. of hydrate containing 84*4 per cent 
water, with 2090 grs. solution B. After two days, 652*7 grs. of 
solution gave 5*55 grs. KNOg, or *5812 per cent. KgOOg. The 
hydrate had here absorbed 6*80 grs. KgCOg, or 10*67 per cent, 
of the anhydrous oxide present 

EisperimiU 4^—880 grs. of hydrate kept under water five 
months, containing 88 per cent of water, with 3388 grs. solu¬ 
tion B. After three days, 561*6 grs. of solution gave 5*46 grs. 
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KNO 3 , or *6644 per cent. KaCO,. Tho ferric oxide had hero 
removed 6*31 grs. K 2 CO 3 , or 6-00 per cent, of the anhydroiis 
oxide present. 

In all these experiments we have a considerable abBori)iion of 
potassinm. Experiments 3 and 4 were tho first two made; in 
these, and especially in 3, the mixtnro of the pasty hydrate 
with the potassinm solution was less perfect than was altco'- 
wards obtained; the absorption is possibly therefore below tho 
normal amount. The smallost absorption is in expciimenl 6 , 
where the faric hydrate had been kept several montlis iKjfore 
use. Leaving out this result, we have a moan absorption of 
8*39 KjCOj, or 5'72 E^O, for 100 anhydrous ferric oxide. 

It appears firom experiment 4, that tho presence of carbonic 
acid is no hindrance to the absorption. 

With a view of throwing some light, if possible, on tho pre¬ 
cise nature of the absorptive action which took place in the 
above experiments, the amount of carbonic acid removed 
by the ferric oxide firam the carbonate of potassium solution, 
was determined in three cases. The determiuatiou of carbonic 
add was dBfected by means of an ammoniacal solntiun of 
chloride of barium. 

It appeared that in every case more potassium had Imjou 
taken firom the solution than carbonic add. In oxpoiimont 1, 
for 10 equivalmts of potassium absorbed, 3*6 equivalents of 
carbonic add were absorbed. In experiment 3, for 10 equivfr* 
lents of potassinm, 4’5 equivalents of carbonic add were 
absorbed. In experiment 4, the proportion was for 10 of potos- 
edum, 7*9 of carbonic add. 

The proportions here are very various, much more so than 
can be accounted for by ordinary expt‘rinient.»l error. The 
variation is certainly connected with tlio difference in tho 
emoumt of the absorption; the smallor the extent of tho 
absorption, the larger is the proportion of potassium removed. 
This is at once evident on comparing figm'os already 
quoted. 

Potasdum absorbed Equivalents of oar- 
for 100 originally bonio acid absorbed^ 
present. for 10 of potassinm. 

I^eriment 1 . 6*84 3*6 

Experiment 3. 18.67 4-5 

Experiment 4. 32*57 7-0 

The reason of this l)ehaviour is readily perceived. The 
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Pome oxide oomiuoiices by absorbing potash, almost to the 
o\( 5 lusi(m of Ccirbcmio acid; by so doing, the proportion of car¬ 
bonic a(‘i(l in iho liquid is incrcafecd, but this accumulation of 
(Mu*bonic acid in flic liquid now twits as a chock on the further 
d(a»ompositiou of the potassium salt, which consequently takes 
place to a lefts and less extent as the absorption progresses. 
Tho experiments are too few, and differ too much in their con¬ 
ditions to give a precise account of this action, they only point 
to its existence. 

III. Absorption of Nitrate of Potassium by FmTie Oxide ,—^The 
nitrate of potassium solution used contained 1'049 per cent. 
KNOy 

Tlirco cxporiTnciits were made with feme oxide ;* in the first 
no absorption took ])laco, in tho second the absorption 
amounted lo *45 pei cent, of the anhydrous oxide, in the third 
oxp<‘rim(Uit the .ibsorplion was ’46 per cent, of the anhydrous 
oxide present. Rejecting th<‘ first tiial, which is open to the 
same objection as experiment B in the last section, we have a 
mean ahsoi'ptiou of *455 KNO 3 , or *211 K 2 O, for 100 of anhy¬ 
drous ferric oxide. 

It is a well known fact that soils absorb but little firom many 
salts of potassium and ammonium, unless carbonate of calcium 
bo at the same time present; and that when absorption has taken 
place under these circumstances, the acid of the salt is found 
remaining in the solution in combination with calcium. That 
is lo say, soils can absorb but little potassium and ammonium 
fi’om ccHain salts; but if thefeo salts bo decomposed by carbonate 
of cjildmn, then absoiption tiikes place. With those tacts in 
view ex])eriuiouts w<'r <3 made to see if the prcsenco of carbonate 
of (‘alciuni would iu<‘re<isc the ^unount of potassium removed hy 
th<‘ fonic oxide. 

The residue fioiu the tliivd experiment was taken: to it 
wcio ridded some mov(‘ uitrato ol potassium Solution, and 33 grs. 
of dried, precipiiiiied, carbonate of calcium. After seven days 
there had been a further absorption of *14 gr. KNO^; or ‘10 for 
100 of anhydrous oxide, 

I'lio absorption being so &mall, the residue from the above 
was further treated with 50 grs. carbonate of calcium, and caa-- 
l>oiiic add gas passed for eight hours through the mixture. 

* Tho details of these and of the subsequent ezpezimeuts were gdrea m th« 
oxigiiM^ paper, they are here omitted for want of space. 
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Afi»r two days it was found that no additional absoiption had < 
taken place. 

It appears then that the addition of carbonate of oaldtun 
oiJy very sli^tly increased the absorption of the potassinm 
sal^ and that saturation of the liqnid with carbonic add pro- 
dnoed no greater efiect. 

IV. Absorption of Sdphate of Potassium by F&rrie OtAS/s.— 
The snlphate of potassinm solution employed contained 1*077 
per cent, of sulphate of potassium. 

In the eiq>erhnent wi& hydrated ferric oxide the absorption 
amounted to 2*27 KjSO^, or T2S KgO, for 100 of anhydrous 
oxide. The addii^n of 50 grs. carbonate of oaldum gawa no 
further absorption in three days. 

V. AbmpAtm, of ChlorHs of Potassiim by Feme Omde .— 
The chloride of potassiam solution contained 1,053 per cent, of 
chloride of potasdum. 

In the absorption experiment the ferric oxide was found to 
have taken up *42 KCS, or *27 K^O, for 100 of the oxide present. 

VL Absorption of Ccurbonaie of Potasnvm by Ahmancu — 
The experiments with alumina were performed exactly as those 
with oxide of iron, the same salt-solutions were employed. 
The alumina was prepared by predpitating a solution of alum 
with ammonia, and except in the earlier experiments, the pre- 
e^ifcafe was, Sfier some washing, rerdissplved in hydrochlorio 
and again thro^ down by ammonia; washing by dMaDf 
Ration bdug then continued, till no ohlodne oould Wdeteotedin 
the washings. 

The water of hydration was determined in a specimen thus 
prepared:—Dried over oil of vitriol, it lost on ignition 33*14 per 
cent.; the formula AljHgOg requires 34*50 per cent. As tho 
water of hydrated alumina has not been observed to alter in 
amount with the age of the hydrate, the theoretical percentage 
wia adopted in all the oaloulations. 

Two aksDipition experiments were made with the car¬ 
bonate of potessium solution; in the first the salt absorbed 
was 2*24 per cent, of the alumina prmMnt; in the second it 
amounted to 2*31 per cent. The mean is 2*27$ il^OOj, or 
1*55 fin 100 of alumina. In the first experiment the 
abmfets was seveml months old; the amount of absorption is, 
iswrer, vary sl^tlybdow that shown by fredily prepared 
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One experiment was made to determine whether aay ahBorp> 
tion of cturhonio acid had taken place; the result showed that no 
carbonio add had been absorbed. I made no further experiments 
on the decompositiou of cai'bonate of potassiiun by alumina; 
but it is oddent that alumina, bke fenio oxide, possesses the 
power of decomposing the salt. 

VIL AbiorpUon of Nitrate of Potassium hy Ahmna. —One 
experimmit was made; the absorption was *42 E^N^Og, or 
•195 KjO, for 100 of alumina. 

The residue from the experiment was treated with carbonate 
of oaldmu, and the liquid saturated with carbonic add; a further 
absorptiou of *04 per cent. KNOg took place: this amount is 
so small as to be quite within the errors of experiment. 

VIII. Absorption of Sulphate of Potassium by Almdna .—^The 
absorption in one uxpuiiment amounted to *84 per cent, of the 
alrunina prcserit, or to ‘45 per cent reckoned as JE^O. The 
solution at the end of the expcixmeut was obserred to be slightly 
alkaline. 

IX. Absorption of Carbonate of Anmoniwn by Ferric OaAie -— 
The carbonate of ammonium employed was the sesquicarbonate 
of commerce; the opaque coating of each fragment was, how- 
eveir, remored; tire analyses naade showed that the salt was 
nearly two-thirds monocarbonate. 

Two solutions of carbonate of ammonium were employed. 
One Gontaiuod *3222 per cent. NHg; the other ‘3363 per cent. 
Nil,. Tho determinations were all mado by titration. 

Three absorption expeiimonts were made. In the first, 100 
of ferric oxido al»Borbed 2*08 NH^j in the second the feme 
oxide had boen prosorvod for several months, the absorption 
was here 1*68 per coat.; in tire third experiment the ebeorption 
wee 2*39 per cent. Taking the mean of the two trials witir 
flresblyprepared hydrate, we have an absorption of 2-235 NB* 
for 100 of ifenae oxide, or 0*31 per qent. reckoned as 2 (NH 4 ) 003 . 
The hydrated oxide which hs^ been kept long under water 
showed, as in tho previous instance, a lower ahsorptire powen 

Carbonic add determmations were made in the oarbotoate of 
^ ^Tn-mf^TiTOwi solution, and in the solution alter absorption m tiae 
seoond experiment. The result showed that for 10 eqoivnleatB 
of ammonia 10*12 equivalents of oarhonio add hsid h^ taknn 
up 1^ the ferric oxide in thateapmiment; the aanmoma had 
thus been absorbed an teono-oarbonate. It appears thm tifiaJt 
fenio hydrate is capable of deoomposuig tiw supwcarbicmates *e^ 
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anunomiinx; more than this can hardly be conoludod from a 
single experiment. 

X. AhsoTjption of Sulplwte of Jimmomam by Ferric Oaide.^ 
The solution of sidphate of ammonium employed contaiuod "SSR 
per cent. NHg, or 1*382 per cent, of sulphate of ammonium. In 
thib and all the other experiments with salts of ammonium, 
excepting those with the carbonate, the ammonia was deter¬ 
mined by distillation with caustic potash and titration. 

Two absorption expeiiments were made. In the first the 
ferric oxide took up 2*40 per cent.; in the second expeiiment 
2*69 per cent, of sulphate of ammonium. The mean absorption 
was therefore, 2*545 2 (NH^)S 04 , or *66 NH 3 , for 100 of ferric 
oxide. The liquid became very distinctly alkaline during the 
absorption. 

Carbonate of calcium was added to the residue from the 
second experiment, and the liquid saturated with carbonic acid, 
but no further absorption was obtained. 

XL Absorption of Chloride of Ammonium by Ferric Oaide ^— 
The solution of chloride of ammonium contained *958 per cent, 
of that salt, or *3044 per cent. NH 3 . 

The ferric oxide absorbed in one experiment *24 NH^CI, or 
*08 NH 3 , for 100 of the oxide present. The solution became 
distinctly alkaline. 

On the addition of carbonate of oaldum a farther absoiption 
took place, amounting to *32 NH^^d for 100 of ferric oxide. 

Xn. Absorption of Nitrate of Ammonium by Ferric 
The salt-solution contained 1*552 per cent, nitrate of anmio- 
nium, or *3298 per cent. NH 3 . 

Li one experiment the absorption of nitrate of mnmonium 
amounted to *41 per cent, of the ferric oxide, or to *09 per cout. 
reckoned as NH 3 . The solution, as in the preceding experi¬ 
ments, became distinctly alkaline. 

The addition of carbonate of calcium produced a fui’ther 
absorption of *28 per cent. NH^NOg. 

XIIL Absorption of Carbonate of Ammmumn by Alu/mim.'^ 
The same salt-solutions were used in the following experiments 
with alumina, as in the corresponding trials with oxide of iron:— 

Two experiments were made. In the first tlie absoiption 
ot ammonia amounted to *76 per cent, of the alumina presont; 
in the second experiment the absoiption was 1*45 per cetil. of 
the alumina. The difierence between these experiments is very 
great; it was unfortunately not observed till there was no 
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longer an opportunity of repeating the experiments. The mean 
gives an absoi-ption of 1T05 NH 3 for 100 of anhydrous alumina, 
or 3’12 por cent, reckoned as 

No experiment was made as to the proportion of carbonic 
acid absorbed. 

XIV. Absorption of Sulphate of Amtnonkm by Alumina .—^In 
ono experiment the absorption of sulphate of ammonium 
amounted to 1’13 per cent, of the alumina present, or to *29 
per cent, reckoned as NH 3 . 

The solution at the end of the experiment was found to be 
decidedly alkaline; the same fact has been already mentioned 
as having been observed in the experiments with ferric oxide; 
the reaction is apparently due to a decomposition of the salt, 
and a greater absorption of its acid than of its base. In the 
expei-iment above described, the alkaline reaction was perhaps 
more marked than in any of the preceding experiments; it was 
thought, therefore, worth while to determine the absorption of 
add which had taken place. The result showed that while 
3'09 per cent, of the ammonia present had been absorbed, there 
had been removed 8*71 per cent, of the sulphuric acid; or for 
10 equivalents of ammonia, 28*2 equivalents of sulphuric acid 
had been taken up. 

No experiments were made as to the alrsorption of chloride or 
nitrate of ammonium by alumina. 

To facilitate the discussion of the results amved at in the 
before-mentioned experimentR, the proportion of each salt ab¬ 
sorbed by the ferric oxide and ahunina is given in the following 
tiible:— 

Absorption of Salts of Pofassiam by Hydrated Fm’ic OMe and 
Hydrated Alumina. 


1 

Salt employed. 

1 

Strength of 
Solution. 

Amount absorbod 
by 100 anhydrous 
ferric oxide. 

Amount absorbed 
by 100 anhydrous 
idumlna. 


Percent, 
of salt. 

Percent. 

ofKsO. 

Amount 
of salt 

! 

Amount 
; ofKaO. 

Amount 
of salt. 

Amount 
of K3O. 

Carbonate of potas- 
^um . 

■995* 

*678* 

8*89 

5 72 


m 

Sulphate of potassium 1*077 

•582 

2 "27 

1 23 

IPPPII 

WBm 

Ohlorido of potassium 1*053 

■664 

42 

•27 



Nitrate of potasalum 

1*049 

\ 

-488 

•45 

*21 

IB 

-19 


* Two solutions of the salt were employed; their strength differed but little. 
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of Salts of Ammonium hy Hydrated Ferric Osnide md 
Hydrated Ahimincu 


Salts employed. 

Strength of 
solution. 

Amount absorbed 
by 100 anhydrous 
ferric oande. j 

Amount absorbed 
by 100 anhydrous 
alumina. 


Per cent 
of salt 

Percent. 

ofNH, 

1 

Amount 
of salt 


Amount 
of salt 

Amount 
ot NH,. 

Carbonate of ammo- 
ninmf. 

•980* 

•329* 

6*31 

2-23 

3-12 

1 10 

Sulphate of ammo- 
mum . 

1*382 ! 

•356 

2-54 

•66 

1-13 

•29 

Chloride of ammo¬ 
nium . 

958 

•304 

•24 

•08 

no experiment 


Nitrate of ammo¬ 
nium . 

1*652 

•880 

•41 

•09 

no experiment 



It is probable that if stronger solutions had been employed, 
the absorption by the oxide of ii*on and alumina would have 
been greater, and, on the other hand, that if weaker solutions 
had been used, the absoiption would have been less. Tins 
rule has been well ascertained in the case of soil absorption. 
It follows, of course, that tlie figures quoted above exjn-essing 
the amount of absoiption can refer only to those i)articubir 
conditions under which the experiments wore made. Th(» 
potassium solutions all contained about 1 per cent, of salt. 
With the ammonium solutions a better plan was adopt <‘<1; 
each solution contained nearly the same amount of aimnonia— 
about ‘33 per cent. 

On looking at the results collected iji the table, it is at oueo 
evident that the absorptive power of alumina is not nearly ho 
great as that possessed by ferric oxide. Of caibonato and 
sulphate of potassium the ferric oxide absorbs about throe times 
as much as the alumina; with the corresponding ammoniiun 
salts it takes up about twice as much as the alumina. This 
was an unexpected feet, as from the lower equivalent of 
alumina it was presumed that it would exhibit a greater power 
of absorption than ferric oxide. 

* Two solutions of the salt were employed; their streoglii differed but little. 

t The carbonate of ammoxuum is here reckoned as (2NH4)00,; for the actnal 
eompodtion of the carbonate used, see back. 


















AND ADDimTA IN THE ABSOBPTIVD AOTKOI 07 SOILS. 15 


The other prominent fiEict exhibited by the table is the veiy 
different absorption of the different salts. Both with potassium 
and ammonium salts the carbonate is absorbed to a considerable 
extent, the sulphate to a small extent, while of the (hloiide 
and nitrate only traces are taken up. The order of absorption 
appears to be the same for alumina as for ferric oxide, as far as 
the experiments allow us to judge. 

Such seem to be the principal &cts regarding the amount of 
absorption; it may be next a^ed, what is the real nature of the 
action here observed f There is a considerable amount of evi¬ 
dence that the absorption is due to a weak dhemical affinity. 
First, it is found that a decided preference is shown for the salts 
of certain adds. It is also observed, that in these cases of ready 
absorption, the salt is nearly always decomposed to a conddeiv 
ablo extenl Ferric oxide and alumina in absorbing carbonate 
of potassium take up much more potassium than carbonic add; 
sesquicarbonate of ammonium is decomposed by ferric oxide in 
a similar manner. Sulphate of potassium and sulphate of 
ammonium are decomposed ly alumina, and, espeddDiy in the 
case of the latter salt, much more sulphmic add is taken up 
than base. Ferric oxide also decomposes sulphate of ammonium, 
and to a less extent the diloride and nitrate of ammonium. The 
absorption of sulphate of potassium by ferric oxide is the only 
instance of a notable absorption, apparently unattended with 
decomposition. It appears then, that chemical affinity was 
engaged in the process of absorption. That to the action 
of such affinity the absorption drould bo referred in every case 
is very probable, but hardly permits of bdng established ly 
evidence. 

The compound of the metallic hydrate and the aUcaline salt 
is decomposed ly water, but not without some difficulty. The 
action of water was tried on ferric hydrate saturated with 
carbonate of potassium. After two washings, with thorough 
agitation, each wasbing remaming in contact one day, the iron 
was found to have lost two-thirds of its potassium. The wash¬ 
ing was sufficient to have reduced a perfectly soluble salt to 
f^th its original quantity. 

The amount of ammonia present in the ferric hydrate prepared 
for use in the absoiptiou experiments was determined. The 
ferric hydrate, precipitated ly ammonia ftom ferric chloride, was 
of coivse origmally saturated with ammonia; to render it free 
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of chlorides, it received in the instance selected 14 wasliings. 
By calculation only TTrsiisTnrth of the salt orighially prosoni 
woTild remain with the hydrate at the end of the operation* (hj 
distiliing a portion of it with caustic potash it yielded aunnonia 
equal to *042 per cent, of the anhydrous oxide present. A twice 
of ammonia was thus pertinaciously held hy the feiric oxide, 
not^vithstanding the abundant washing it had undei*gono. 

Such is the character, as far as the present invoHiigntifin 
goes, of the absorptive action of hydrated oxide of iron and 
alumina. Do the properties here recognissed agree with Ihose 
actually possessed by soils? may we in short conclude, that Iho 
absorptive power exhibited by soil towards i>otaRh and ammonia 
is in any way connected with the presence in soil of the hydnites 
of ferric oxide and alumina ? 

It is well known that soils usually contain a cotmidorablo 
proportion of ferric oxide in a more or less hydrated condition; 
they appear also to contain small quantities of imcombinod 
alumina. Unless there be some preventing cause, the absorplive 
powers belonging to these bodies must therefore cei*tainly be 
possessed by ordinary sofl. 

In entering on this subject, it must not be forgotten, however, 
that other ingredients of soil, the humus,* and eqiecially the 
hydrated silicates, have been shown to possess absorheut poAvers. 
We do not therefore expect to find that the conipurativc 
absoiptive power of different soils is exactly in the jiropor- 
tion of the metallic hydrates which they contain; all wo cun 
hope to discover is, that some of the peculiarities of the absorp¬ 
tion by metallic hydrates are generally met with in i*asc‘H oi‘ 
soil absorption. 

I have no experiments of my own to quolo; a collation of 
the results of others seems to indicate that in one pe^'iilinrily, 
the preference of the various salts in a ceriain order, the belm- 
viour of soils very generally agrees with what wc have seen to 
be the action of hydrated ferric oxide, namely, that more of tlxo 
carbonate is absorbed than of the sulphate, and that more of 
the sulphate is absorbed than of either the chloride or nitrate.t 

* Hnmiis appears to be capable of rextLOTing free anmioma from a watery soIq” 
tion. (Brastleixi, Jabresbericht der AgiikuItTur-Ohemle, 1859-60, p, 1.) 

t In order to aseeriauL tbe compaiaUve absorption of different sidts, it is neces- 
saiy that the same soil idiODld be treated with eqnmlent quantities of those salts, 
tihe same proportion between the soil and the salt^olution being maintained in 
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With soil, however, the difference between the amount of the 
various salts absorbed is much smaller than is the case with the 
pure hydi-ated oxides. Only a trace of the chloride and nitrate 
of potassiTun or ammonium was removed from solution by 
ferric hydrate, while by most soils considerable quantities of 
these salts, or rather of the alkali they contain, are taken up. 
The reason is well known. The carbonate of calcium, or the 
calcium silicate of feortUe soils, decomposes the chloride, nitrate, 
or sulphate brought in contact with it: the alkaline carbonate 
or silicate thus foimed is absorbed by the soil, and the action 
continues till the soil is saturated, or the solution rendered too 
dilute for fmthcr change to take place. If the action of the 
calcium were complete^ and in some soil experiments this may 
possibly happen, every salt of potassium and ammonium would 
be absorbed to the same extent, provided the salts were applied 
in equivalent propoirions: but it is rarely that the action of the 
calcium goes as far as this, and consequently some margin is 

every experiment. The following are the only experiments I have found which 
seem to satisi^ these conditions: a great majority of the results will be seen to 
agree with the statement made in the text. 

Henneherg and Stohmann experimented with a garden soil; the order of 
greatest absorption was, free ammonia, sulphate of ammonium, chloride and nitrate 
of ammonium about equal.—Jahresbcricht der Agrikulturcheonie, 1858-9, p. 25. 

E. Peters, experimenting on a soil with potassium salts found the following 
order of greatest absorption; carbonate, nitrate, sulphate, chloride. The nitrate 
here unexpectedly breaks the order.—Ibid 1860-1, p. 9. 

Praas applied equivalent quantities of carbonate, sulphate, and nitrate of 
potassium to soils placed above lysimeters in the open air; there passed through 
info the lysimeters for equal quantities of water, the following amounts of potash, 
the quantity yielded by unmanured soil being deducted .—From the carbonate 
8*80 grm.; ftom the sulphate, 8*89 gim.; from the nitrate, 10*27 grm. of potash. 
Til another series tho potassium salts wore mixed with superphosphate of lime; 
there passed into the lysimeters from tho manure, for equal quantities of water, 
9*38 grm. of potash from the sulphate, and 12*02 grm. from the nitrate. The 
absorption by the soil was, Of course, inversely as the drainage into the lysimeier. 
—Ibid. 1861-2, p. 11. 

Kullenberg made elaborate experiments on one soil with salts of ammonium, 
potassium, sodium, magnesium, and calcium, each salt being used of dve different 
strengths of solution. With salts of ammonium the order of greatest absorption 
was, carbonate, sulphate, chloride and nitrate about equal. With potassium salts 
the same older obtained; and with the salte of calcium and magnesium a like 
result. With sodium salts the order was to some extent inverted.—^Ibid. 1865, 

p 16 

Voelcker, experimenting with solutioziA of chloride and sulphate of potassium, 
obtained with a sandy soil lather more absorption of the chioiide, and with a marl 
rather moio absorption of the sulphate. Jour. B Agricultural Soc. xxv, 338, 

Vor. XXT. 0 
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left for the display of the particular affinitlos of the ferric aiul 
alumiiaic hydrates, the result being tliat some preference is 
shown for carbonates and sulphates over the chloridos and 
nitrates. 

An account has been already given of the attempt mado to 
imitate the conditions of a soil by adding carbonate of calcium 
to the ferric hydrate; the experiments, as already narrated, 
were attended 'with little success, the further absorption wliioh 
took place on adding carbonate of calcium to the salt-solution 
being in every case very small. Can this result be consistently 
explained? 

On testing the solution at the end of each experiment, a 
small quantity of lime was always found to have been dis¬ 
solved ; some carbonate of the alkali must therefore have been 
produced, but in so small an amount as to form an excessively 
dilute solution, from which no practical absorption could be 
expected. The difference in the case of soil I believe to Ik^ 
this- The particles of feme hydrate are tliere already saturated 
with calcium, and the decomposition of ^ the Alkaline salt takes 
place consequently on their hwrfoGe; the ferric hydrate thus 
absorbs from a thin film of concentrated salt-Holurioii, and the 
absorption has thus no difScnlty in keeping pace with the de¬ 
composition, Whether this theory be correct or not, it is evi¬ 
dent that the ferric hydrate would have no difficulty in taking 
up potassium or ammonium from either the chloride or nitrate 
if these salts were effectually decomposed by carbonato of cal¬ 
cium, since we have seen that ferric hydrate has a powerfiil 
affinity for the carbonates of these bases. 

The experiments of Heuneberg and S tohmann, E. Petors, 
and Kiillenberg show, that of sdl the salts of the alkrdii»s ex¬ 
perimented 'with, the phosphate was the salt from which the 
soil removed the largest quantity of base; the Absorption from 
the phosphate even exceeding that from the carbonate. This 
fact agrees remarkably well with what we have now seen to be 
the properties of oxide of iron and alumina. The ferric hy¬ 
drate and alumina of the soil would require no aid from a 
calcium-salt to enable them to decompose an alkaline phosphate, 
their own powerfiil affinity for phosphoric add would imme¬ 
diately effect the decomposition of the salt, and liberate its base 
for absorption. 

There appear then to be several foots in the chemical his- 
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tory of soil, the explanation of which is at once afforded by 
ascribing to the feme oxide and alumina of soil those properties 
I have proved to be possessed by the artificially prepared 
hydrates of these oxides. 

In advocating the claims of ferric oxide and alumina, as con¬ 
stituents of the soil, taking an active part in its absorption of 
potassium and ammonium, I am advancing no new idea. The 
bc^lief that such is the case is to be found in several published 
papers discussing soil absorption; what I have tried to do has 
been to set the matter on an experimental basis. The present 
research, though touching only the outline of the subject, has 
I think shown that the hydrated ferric oxide and hydrated 
alumina of a soil perform most important functions. Their 
presence gives the soil its power of taking up phosphoric acid 
from solutions of basic phosphates, and in conjunction with the 
hydrated double silicates, it is the source of that property of 
tlie soil by which it absorbs alkalies and alkaline earths from 
the solutions of their salts. In these actions, the fenic oxide, 
as generally most abundant, and in regard to the alkaline salts 
more energetic in action than alumina, will usually have the 
greatest share; indeed for maaiy soils it must be the chief 
promoter of tho absorptive power. I need hardly say how 
opposed are the facts and arguments here advanced to tlie 
theory of physical attraction aheady refeiTed to. 

The experiments detailed in tlie present paper, wore made in 
the laboratory of the Royal Agricultural College, Cirencester. 


IL —Analysis of (he Water of the Holy WelU a, Medicinal Spring 
at Ihmphrey Ileadf North Lancashire. 

ThoS- Ed. Thorpe, Dalton Scholar in the Laboratory 
of Owens College, Manchester. 

Hxtmphrby Head is a fine promontory of limestone, situated on 
the northern shore of Morecambe Bay, and the spring issues 
through a fissure of the rock within a few feet from its base. 
The well formerly belonged to the Priors of Cartmel, and its 
water has long been reputed to possess medicinal virtues. 
Camden, in the “Brittanniji,** states that so far bock as in his 
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time, it was much used as an antarthritio, and for cutaneous 
disorders. The water is perfectly clear and colourless, and 
possesses a distinctly saline tasie. It effervesces slightly on 
agitation, indicating the presence of free carbonic acid, and it 
exhibits a feebly alkaline reaction. On free exposure to the air 
it deposits a crystalline sediment, consisting principally of 
calcium carbonate. Frequent thermometrio observations, made 
during the last two years, show that its temperature is very 
uniform; it rarely varies even one degree from the mean point, 
11*5 0. (52*7 F.) The quantity discharged tlu-ough the fissure 
amounts to about a gallon per minute, and this rate of flow is 
constant during the different seasons of the year. Moreover, 
edthough the spring rises within ton yards of the sea at high 
water, this amount is uninfluenced by the tide. 

The specific gravity of the water at its ordinary temperature 
is 1005*83, as the mean of concordant determinations made on 
samples collected on different occasions, and during oi)posiio 
seasons of the year. 

A careful qualitative analysis indicated the presence of the 
following bodies in estimable quantity:— 


Bases. 

Potash. 

Soda. 

Lithia. 

Lime. 

Magnesia. 

Baryta. 

Strontia. 

Fen*ous oxide. 
Manganous oxide. 
Ammonia. 


Adds 

or Elements replacing them. 

Chlorine. 

Bromine. 

Sulphuric acid. 
Phosphoric acid. ^ 
Carbonic acid. 
Silicic acid. 


In addition to the above were found traces of alumiuii, iotlhie, 
fluorine, volatile and non-volatile organic matter. A spociai 
examination, by means of the spectroscope, was made for the 
recently-discovered alkaline metals in the residue obtained by 
the evaporation of 21 litres of the water, but tlie seiurch was 
unsuccessful. 

The method of quantitative analysis employed differed in no 
important particular from that usually adopted. It was essen¬ 
tially that detailed by Fresenius under the head of Analysis 
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of Minertil Waters,” in the last edition of his Manual. To ia- 
Bnre accuracy, at least two, in some cases three, determinations 
of each principal constituent were made and the amount of 
water taken for the several estimations was, whenever prac¬ 
ticable, ascertained by weight. 

The following synopsis shows the direct results of the de¬ 
terminations : the numbers express the means of the experi¬ 
ments, and give the amounts in grammes of the substances 
contained in 1000 grammes of water. 


1. Chlorine. 3-31800 

2. Bromine. 0*00034 

3. Sulphuric acid .. 1*22749 

4. Carbonic acid (total) . 0*17259 

5. Silicic acid. 0*01753 

6. Ferrous oxide . 0*00193 

7. Manganous oxide. 0*00015 

8. Lime and strontia together, expressed as car¬ 

bonates. 1*05777 

9. Magnesia (total). 0*24602 

10. Lime and strontia retained in solution* after 

boiling the water, expressed as carbonates. • 0*92668 

11. Lime precipitated on boiling:— 

Total lijne and strontia, expressed as car¬ 
bonates. ... 1*05777 

Lime and strontia retained in solution after 
boiling, expressed as carbonates*...... 0*92668 


The remainder. 0*13109 

Gives in form of carbonate the amount of 
lime precipitated on boiling. 

This corresponds to Kme .... 0*07341 

12. Lime retained in solution after boiling:— 

Sum of the lime and strontia retained in 

solution, expressed as carbonates. 0*92668 

Deduct the strontia (13^ calculated as car¬ 
bonate .. 0*00333 


This remainder . 0*92335 

Corresponds to lime . 0*61708 


* All the strontia was aasimied to remain in solution on boiling the water. 
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13. Baryta aud strontia:— 

(a) Baiyta . 

(b) Strontia . 

14. Phosphoric add ... 

15. Lithia .. 

Corrosponding to lithium chloride . 

16. Sodium oblorido and potassium cldoride and 

lithium chloride . 

17. Potash . 

Corresponding to potassmm chloride 

18. Soda:— 

Sum of the alkalme chlorides . 

Deduct potassium chloride .. 0*10116 

, lithium chloride. 0*00187 


Remainder, sodium chloride .. 
Corresponding to soda . 

19. Ammonia . 

20. Total of fixed constituents. 


(H)()031 

0*00231 

0*00017 

0*0(M)(5«i 

0*<H)187 


.5*lir)37 

0*06387 

0*10116 

5*11537 


0*10303 


5*00234 

2*65224 

0*00016 

7*19260 


In order to facilitate reference and comparison'with other 
minecal waters, the adds and biises are here assodated after the 
melhod adopted Toj Frosenius, foonded on the assiunpliun 
that the strongest add is comhined with the strongest base, &e., 
due consideration being of course giv<m to the fiict tluit thu 
greater or less degree of the solubility of the salts ctniHulcrably 
modifies the manifestations of the affinities. 


Comparison of the total amount of fixed oonstituunts found 
directly -with the sum of the several coustitrrents assodated in 
the above manner. (The manganese and iron are calculated to 
the degree of oxidation in which they occur in tho rosiduo driotl 
at 180* C.) 
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Barium Bulphate. 0'0()047 

Strontium solpHate.. 0*00414 

Calcium sulphate. 1*25677 

Potassium sulphate. 0*13031 

Sodium sulphate. 0*34651 

Magnesium hromide . 0*00042 

Lithium chloride... 0.00201 

Sodium chloride .. 4*71189 

Ammonium chloride . 0*00033 

Magnesium chloride . 0*61767 

Calcium phosphate. 0*00038 

Calcium carbonate. 0*13071 

Ferric ordde. 0*00214 

Maugano-manganic omde. 0*00016 

Silicic acid . 0*01753 

7*22144 

The residue dried at 180° .. 7*19260 


Amount of the several constituents in one litre and in one 
^on of the water:— 


Bariuhi sulphate. 

Strontium sulphate. 

Calcium sulphate. 

Potassium sulphate. 

Sodium sulphate. 

Magnesium bromide. 

Magnesiruu iodide . 

Lilliium chloride. 

Sodium chloride . 

Ammonium chloride. 

Magnesium chloride. 

Calcium phosphate. 

Calcium fluoride . 

Caldum carbonate . 

Fen*ous carbonate . 

Manganous carbonate .... 

Silicic add. 

Organic matter. 


Gm. per litre. 

Gralzus per gallon. 

0*00047 

0*0829 

0*00416 

0*2912 

1*26414 

88*4898 

0*13107 

9*1749 

0*34853 

24*3971 * 

0*00042 

0*0294 

traces. 

truces. 

0*00202 

0*1414 

4*73932 

331*7524 

0*00038 

0*0231 

0.62126 

43*4882 

0*00038 

0*0266 

traces. 

traces. 

0*13147 

9*2029 

0*00313 

0*2191 

0*00024 

0*0168 

0*01673 

1*2341 

traces. 

txaoes. 


7*26867 


508*5199 
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Cb. c. Ob* in. 

Gras dissolved in the watct and expelled T 

by ebullition in vacuo, measured at > 32'(i4 9'()4 

11^*5 C. and 760 mm. barometer.J 

The above composition is perfectly nniform at the different 
seasons of the year, as will be seen from a comparison of the 
ntimbers obtained from the following dotonniiiations of the 
total amount of solid residue, sulphuric acid, and^ohlorino con¬ 
tained in water collected on (A) August 30th 1865, aud on (B) 
January 1st 1867. 

1. Estimation of the total amount of fixed oonsiitaents. 

The weighed quantity of water was evaporated with a known 

weight of pure sodium carbonate in a platinum dish, and the 
residue dried at 180® C. until its weight appeared constant:— 

Water employed. Besidne obtained. Amount in 1000 grm. 

A. 50-1645 0-3607 71947 

B. 66*0903 0-4755 7-1906 

2. Determination of sulphuric acid. 

Barium chloride producing an immediate precipitation in the 
water acidified with hydrochloric acid, the estimation of the 
sulphuric acid was effected without previous evaporation:— 

Water employed. BaS 04 obtained, SO iHj in 1000 gnus. 

A. 135-390 0-3953 1-2281 

B. 96-816 0-2824 1-22G9 

3. Determination of •chlorine (together with traces of bromine 
and iodine). 

By Mohr’s volumetric method, with standard silver 
solution and potassium chromate:— 

Water employed. Siirer required, Cbloriue, &c., in 

1000 grms. 

A. 39-2872 0-3969 3-3183 

B. 22-7887 0-23025 3-3187 

The coRErtaat oomposition aud temperature, together with tlio 
mtform rate of flow of this spring, seem to indicate that it 
originates in a reservoir of considerable extent, situated pro¬ 
bably in some extensive oavem or fissure at tho jrmotion of tho 
slate and limestone formations. Its unifoi-mity of composition, 
& 0 ., cannot be attributed to the influence of the noighbouring 
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tide. That such is not the case is well seen from a comparison 
of the ratios of the amounts of sulphuric acid and chlorine con¬ 
tained in soa-water witli the amounts of these bodies, deter¬ 
mined as a])ove, in the water of the Holy Well. In the former 
case the ratios are as 1 to 8, in the latter as 1 to 3. Lastly, tho 
absence of nitric acid and the minute quantity of ammonia and 
organic matter present m the water indicate the comparative 
freedom fron^putrescible organic remains of the strata through 
which the spring rises. 

My best thanks are due to Dr. Roscoe for the use of his 
laboratory in the above analysis. 


III.— On ihe Action of Permanganate of Potash on Vrea^ 
Ajnmoym, and Acetamide in strongly Alkaline Solutions* 

By J. Alfred Wanklyn and Arthur Gamgbe. 

It has been pointed out by Chapman and Smith,* that 
permanganate of potash in preseme of excess of alkali is an 
osidhsing agent of a most singular Ismd. It attacks alcohol 
much in the same way that nitric acid does, producing the 
diatomic acids glycollic and oxalic, but not aldehyde nor acetic 
acid. It is, at the same time, strangely inactive towards certain 
substances. Boiled with oxalic acid it does not suffer any decom¬ 
position ; and, as is seen in the working of thet now method for the 
dotennination of albuminoid matter in watens, it may be boiled 
with ammonia without the occurrence of any chemicaJ change, 
Tho following experiments on tlxo action of this re-agent on 
urea,<.fimiiioina, nnd acefamiide;— 

Urea = CONH^NHa 
Ammonia « NHg 
Acetamide = COOH^ 

will serve as a contribution to its chemical history. 

Urea. 

The m*ea taken for this research was prepared by the well 
known process from ferrocyanide of potassium. One of the 

* Jonm. of the Chemical Society [2], p. 302| June^ 1867. 
t Ibid., V, p. m Sept. 1867. 
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samples was proved to be pure by gotliiig it to combiiio willi 
tbe theoretical qimntity of Jiitrato of mercury. Another 
sample was analysed l>y Dr. Affleck, who got from it the 
theoretical percentage of nitrogen by Dnmas* method. 

L O'lOO grm. of nrea, 

1*000 „ permanganate of potash, 

10*0 „ solid caustic potash, 

10*0 „ water, ♦ 

was sealed np in a tube and heated to 130® C. for twelve hours. 
After the experiment the contents of the tube were free from 
unacted upon manganate or permanganate of potash—showing 
that much oxidation had taken place. On opening the tube 
under water there was an escape of 15*7 cub. cent, of gas. 

In order to ascertain whether this evolution of gas was duo 
to the permanganate giving up oxygen, or whether it was an 
evolution of nitrogen from the urea, a gas-analysis was made. 
(Frankland’s apparatus was employed for this and the other 
gas-analyses given in this paper). 


Volume taken.. 86 

After adding hydrogen. 139 

After explosion. 99 


The gas therefore consisted of 

Oxygen. 15*60 

Nitrogen. 84*50 

100*00 

Obviously therefore, inasmuch as there was less oxygon than 
atmospheric air contains, the evolution of gas m om* experiment 
was not evolution of oxygen but of nitrogen. 

The space in the digestion tube unoccupied by liquid was 
measured and equalled 38*1 c.c. We are thus provided with 
data for determining whether the permanganate had evolved 
oxygen, and also how much nitrogen came from the m’oa. 

cub. c. 


Volume of gas left in tube /.. 88.1 

Volume of gas escaped from tube.. 15*7 


Total volume of gas after experiment .. 


53*8 
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(‘onsisling of 8*34 c.c. of oxygen and 45*46 c.c. of nitrogen. 

Now the 38’1 o.o of air originally present in the tube when 
it was sealed up contained 8*00 c.c. of oxygen and 30*1 o.c. of 
nitrogen. 

We have therefore— 


Oxygen present originally . 8*00 

Oxygen found after experiment. 8*34 


No oxygen, or only a trace of oxygen, was set free fi*om the 
permanganate. Also the urea had evolved about 15 c.c. of 
nitrogen gas. 

This amount of nitrogen is not half that which the urea con¬ 
tained (0*100 gnn. urea contains 37*2 c.c. of nitrogen gas at 
0®G. and 760 mm pressure). A little of the nitrogen is ac¬ 
counted for as ammonia, for *0032 grm. of nitrogen was found 
in the tube after the experiment in the form of ammonia, which 
was distilled of and estimated by titration. There thus remains 
about half of the total nitrogen to be accounted for, and which 
must have been converted into nitric add. The dreumstanoe 
that the 1 grm. of permanganate of potash had been completely 
reduced to the state of hi- or sesqui-oxide of manganese, and 
that there was no evolution of oxygen gas, is in itself suflBicient 
proof that a considerable quantity of the nitrogen of the urea 
had been oxidized to nitric add. 

In this experiment, therefore, a little less than half of the 
nitrogen of the urea appeared as nitrogen gas, about half was 
oxidized to nitric acid, and a small portion was found as 
ammonifi. 

II. In a second oxporiinont the proportion of permanganate 
was increased, the object proposed being to ascertain whether 
greater oxidizing effect would be the result of increasing the 
quantity of oxidizing agent, 

0*050 gnn, urea 

1*00 „ permanganate of potash 

10*00 „ potash 

10* „ water 

were sealed up and heated to 200® C. for four hours. After this 
treatment there remained much manganate still unreduced* On 
opening the tube there was a considerable escape of gas, which 
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was lost. Not so rtiuch tis 'OGOl grm. of amnionia wos lo bo 
found in the tube. 

The experiment was repeated in order to have an opportunity 
of examining the gas. 

0*100 gim. urea 

2*00 „ permanganate of potash 

10*00 „ caustic potash 

12* „ water 

sealed up and heated to 160® C. for one hour. Abundance of 
manganate of potash remained after the experiment. On open¬ 
ing under water, there was an escape of gas. The total volume 
of gas was carei^y measured and foimd to be 47 c.o. at ll’^ C. 
and 744 mm. pressure equal to 44*20 c.o. at 0* C. and 760 mm. 


On analysis:— 

Volume taken.. 160 

After adding hydrogen. 231*5 

After explosion .. 207*5 

From which is deduced— 

Oxygen.. 5*00 

Nitrogen. 95*00 


100*00 

Allowing for the nitrogen originally present in the tube when 
it was sealed up, which may bo done by taking the 5 per cent, 
of oxygen to be the measure of aimospherio air, wo shall 
arrive at the result that 83*68 c.c. at 0®C. and 760 mm. is the 
quantity of nitrogen furnished by the urea. 

Thus we have;— 

0*100 grm. urea give 33*68 ac. of nitrogen. 

Theory requires that 0*100 gnn. m’ea contains 37*2 c.c. of 
zutrogen. 

We arrive at the startling result that by increasing the pro¬ 
portion of permanganate, we put a stop to the oxidation. 

This fact, so singular at first sight, would appear to indicate 
that the oxidation of urea by permanganate is quick but super¬ 
ficial, whilst the oxidation at the expense of manganate is 
slower but deeper, Obvioudy (as will apparent on referring 
to the actual quantities of permanganate and urea employed) 
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there would still remain luiattackod urea in the first experiment 
after the permanganate had exliausted itself and passed intoman- 
ganato. In the second experiment, on the contrary, there was 
enough ponnanganato to transform all the urea into carbonic 
acid, water, and nitrogen, without sufifering deoxidation lower 
tlian to the stage of manganate, and niti*ogen once in the &ee 
state is beyond the reach of oxidizing agents. For some 
interesting considerations concerning the difference of action 
between permanganates and manganates we would refer to 
Chapman and Smith’s paper, which we cited at the begin¬ 
ning of this notice. 

Thus far wo have been dealing with very concentrated solu¬ 
tions at temperatures considerably above the boiling-point of 
water. Taking weaker solutions and operating at about 
100^'C., we meet with a similar decomposition, only slower. 
The following experiment illustrates this: we dissolved 4-75 
milligrammes of m-ea in about 400 c.c. of pure water, added a 
littlo carbonate of soda, about 5 grm. of caustic potash, and 
about 0*5 grm. of permanganate of potash, and distilled for a 
very long time. A slow evolution of ammonia took place. 
Ultimately this evolution became very slow and then stopped. 
The quantity of ammonia obtained was estimated by the 
Nessler test, and amounted to 0*576 milligramme. Theory 
requires 2*692 milligrammes About 22 per cent, of the nitrogen 
in the urea was obtained in the form of ammonia, the rest, of 
course, being either evolved as nitrogen gas, or converted into 
nitrate. An experiment on a still smaller quantity of urea 
gave* a very similar result. Hero the remark may be made 
tliat this result is hardly comimtible with Mr. Dugald Oamp- 
l) oil’s statement, published in the Laboratory,” which is in 
effect that a weak solution of urea gives up all its nitrogen in 
the form of ammoiua when it is p^irtially decomposed with 
carbonate of soda, and then att?icked with potash and perman¬ 
ganate of potash. If Mr. Campbell did not get off the full 
quantity of nitrogen in the form of ammonia by the treatment 
with carbonate of soda, he would not get the full quantity on 
employing permanganate. 

Ammonia. 

Urea being resolved into carbonic acid and ammonia by the 
Simple asfcamilatiou of water, 
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CONHjNIIj + IT2O = OO3 + SNH, 

it might be supposed that nu oxidising agent applied to nrisi 
in presence of water wouhl, in effect, operate on the ammonia; 
and on this ground it was necossary to slndy the oxidation of 
ammonia. 

Ejqmvmmt 1.— 

O'OSO grm. of NIl^Ol 
2’00 grm. of permangau.ite of potash 
lO’OO grm. of caustic potabh 
10* grm. of water 

was heated to 150° C. for an honr and a half. Opened the 
tube; only minute traces of gas escaped. Tlie gaseous ci)n- 
tents of the tube were analysed:— 

Oxygon SB 23*00 
Nitrogen sb 77 00 

100-00 

riiowing that the minute evolution of gas was evolution ol 
oxygen, and not of nitrogen. The residue in tho tube con¬ 
tained only '0033 grm. of nitrogen in the form of ammonia; 
therefore, there had been oxidation of most of tho ammonia 
to the state of nitric adld. 

Jh a second experiment sulphate of ammonia was substituted 
for the chloride of ammonium, the other things being tho same, 
and the jauportion the samo. The temporatnro was a little 
higher than iu the first experiment. Result; no aiumouia mid 
no gas. 

Aeetamule. 

I. 0*050 grm. acetamide 
I'OO gi-m. permanganate of potash 
10' grm. caustic potash 

lO" grm. water 

sealed up and heated to 160° C. for one hour. 

After the experiment there remained abundance of mnn- 
ganate, but some peroxide of manganese had Iwen deiiosiiod 
No gas was^ given oflj and only O'OOOS grm. of ainmouiii was 
found in the' tube. The appearance of peroxide of tmingiiniw* 
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proves tliat reaction had taken place Nitrates or nitrites 
must, therefore, have been formed. 

The results airivod at in this paper are the following:— 

Urea and great excess of permanganate, in presence of much 
caustic potash, gives all the nitrogen in the form of nitrogen gas. 

Urea, with loss permanganate, gives part of the nitrogen as 
gas, and part as nitric acid. 

Ammonia, whether as chloride or sulphate, is totally oxidized 
to nitrates when heated ^^nith great excess of permanganate and 
alkali. Acetamide behaves like ammonia. These reactions 
occur at temperatures above the boiling-point of water. 

The foregoing result has an important bearing on the rational 
formula for urea, and goes a long way to show that it is not 
the amide of carbonic acid. Ammonia and the amides yield 
nitrates on oxidation with alkaline permanganate. Urea, 
if it were really carbamide, should do the same, but it gives 
nitrogen gas instead. Moreover, urea, as is well known, is 
not resolved into ammonia and carbonic acid with anything 
like sufficient ease to admit of its being carbamide. We are, 

fNH 

therefore, led to write C-< NIL for xu-oa. It is marsh-gas 

LOH^ 

wherein imidogen, amidogen, and peroxide of hydrogen replace 
hydrogen. This formula is not new. Very simple and natural 
changes in this formula express the passage from urea to 
cyanate of ammonia and to carbamide. 

The following formulas express the relation between guani¬ 
dine and urea:— 


'II 
H 
H 
11 

Mmb-giis. 




r(NH)" 

LnHj 

Ckuoddine.. 


rm-r 

G-lm^ 

[oh 

TTrea. 


rV .—SynlJmis of Caproie Acid. 

By J. Alfred Wankltn and Eobset Schenk. 

Carbonic add attaeba soditan-ethyl and sodinmnnethyl, foiming 
propionate and acetate of soda respectively. It seemed to 



32 WAjraiTO AND SOHENK’S SYNTHEbXS OF OAPEOIO AOID- 

Ds to "be desirable to obtain a parallel reaction higher np in the 
series. We have selected the amylic group for this purpose*. 

Mercury-amyl was prepared by the process of Franklainl 
and Duppa, from iodide of amyl aaid dilute sodiinn-amalgaiu, 
a little acetic ether being added, in order to oflfecl the reaction. 
An analysis of the mercuiy-amyl gave the following result, 
proving the purity of the substance:— 

0*3584 grm. taken gave 0*2082 gnn. of metallic mercury. 

Found. Hg per cent. = *58*09 

Theory .... Hg per cent. s=5 58*50 

From this mercuiy-amyl we prepared zinc-amyl by digesting 
it with zinc, as recommended by Prankland and Duppa. 

The zino-amyl was then scaled up with metaffic sodium, and 
heated in the water-hath. Under tliese circumstances there 
was formation of sodium-amyl and precipitation of zinc. 

On leading in carbonic acid gas tliere was evolution of hoat, 
just as in the case of the ethyl or methyl compounds. 

When the reaction was over, water was added, and the 
resulting solution of sodarsalt evaporated to dryness in the 
water-bath. 

The residue, distilled with dilute sulphuiic acid, gave off an 
oily liquid having the smell of caproic acid. This oily clislOlate 
was dissolved in baryta-water, and formed a baryhi-aalt. About 
3 grm. of barytarsalt was made, 

A barium determination was made on the dry sail. 0*2(>f)(> 
grm, gave 0‘1697 grm. of sulplmte of baryta. Ba per cimt. s= 
37*66. Theory requires Ba cent. s= 37*33. 

A silver-salt was also made and analysed. 0*0614 gnu. gave 
0*0298 grm. of silver. 

Found. Ag per cent. = 48*53 

Theory .... Ag per cent. = 48 43 

The action of carbonic acid on sodium-amyl is expressed by 
the following equation;— 

NaCgHji + CO^ • OgH^NaO,. 


London Institution, 1867. 







V .—On l]ie OAyinof Muscular Power, 

By E. Frankland, F.R.S. 

[From the Philosophical Magazine for September 1866.] 

Under tibis title there appeared ia a recent number of. the 
Philosophical Magazine an able article by Professors Pick- 
and Wislicenus,* in which these gentlemen describe the 
results of experiments made upon themselves before, during, 
and after an ascent of the Fanlhom in Switzerland. In these 
exj)erimcnts the amount of measured work performed in the 
ascent of the mountain was shown to exceed, by more than 
three-fourths, the amount which it would be theoretically pos¬ 
sible to realize from the maximum amount of muscle-oxidation 
indicated by the total quantity of nitrogen in the urine. 

The data afforded by those experiments appear to me to 
render utterly untenable the theoiy that muscular power is 
derived from muscle-oxidation. Nevertheless, in the appli¬ 
cation of these data to the problem under consideration, one 
important link was fomid to be wanting, viz., the amount of 
actual energy generated by the oxidation of a given weight of 
muscle in the human body, Fick and Wislicenus refer to 
this missing link in the following words:—“ The question now 
arises, what quantity of heat is generated when muscle is burnt 
1o tlic products in which its constituent * elements leave the 
Iminan body tlirough the lungs and kidneys? At present, 
unfortunately, there are not the experimental data required to 
give an accurate answer to this important question; for neither 
the boat of combustion of muscle, nor of the nitrogenous residue 
of muscle (urea), is known.” 

Owing to the want of these data, the numerical results of 
the experiment of Fiok and Wislicenus are rendered less con¬ 
clusive against the hypothesis of muBcleH>xidation than they 
otherwise would have been; whilst similar detenninations 
which have been made by Edward Smith, Haughton, Play¬ 
fair, and others, are even liable to a total misinterpretation 
from the same cause. 

I have endeavoured to supply this want by the calorimetrical 
dctemmuition of tlie actual energy evolved by the combustion 
* Phil Mag., Tol. xxxi, p 486. , 
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- of moBcle and of xiroa in oxygon; bnt, inaflumch nn uric and 
hippuiic acxds fireqnently appear in the nriuc as productH ol a 
less perfect mtiBcle-oxidation, I havo also doionnincd <li<* 
oalorifio value of these substances, and have atldod punfied 
albumin and beef &t to the list. Croatino would also Imvo Iwcn 
induded; but, aliliough I was ftimishod with an sunplo supply 
of this substance through the kindness of Mr. Ditlmar, all 
attempts to bum it in the oalorimelia- wore fruitless. In nume¬ 
rous trials under varied conditions it always exploded violcnlly 
on ignition. 

The determination of the aotiul energy developed by the 
combustion of the above-named substances is siUTOundod by 
formidable difficulties, which have probably prevented its pre¬ 
vious execution. It is impossible to eflbut ilto complete (‘uni- 
bustion of these bodies in oxygen gas, under conditions which 
permit of the accurate measurement of the h('at evolved; but 
preliminary experiments showed that complete oxkhition «*<)nld 
be secured by deflagration with potassio chlorate; and, althongh 
this method is doubtless inferior in accuracy to tho onlori- 
metrioal methods usually employed, it is hoped that, with the 
corrections described below, the results obtainod merit suffloient 
confidence to reader them useful in subsoqnout discusMons of 
this and allied subjects. The determinations were made in a 
calorimeter devised some years ago by Lewis Thompson, 
and which I have repeatedly used witii satisfimtion in other 
estimations of a like ^d. Thisinstrament consists of a copper 
tube, wbicb is made to contain a mixturo of potassio chlorate 
witir the combustible substance, and can be enclosed in a kind 
of diving-bell, also of copper, and so lowered to the bottom 
of a suitable vessel contaiiung a known qmuitity (two liti-es) of 
water. The experiments were condnetod in the following 
manner:—19*5 grams* of potassio chlorate^ to wldch about 
one-ei^th of manganic oxide was added, were iutimfikly 
mixed with a known weight (generally about two grms.) of tho 
substance whose tiiermal value was to be determined; and tlio 
mixture being then placed in the copper tube above muntioin>d, 
a small piece of cotton thread, previously steepod in a solution 
of potassio chlorate and dried, was inserted in the mixture. The 
tempemture of the water in the calorimeter was now oarofully 

* I foUov tiie example of ibe Begiatru^Oenetal in abbieriatiitg the Fteneh vord 
STOrams U) gram. 



ORiaiN OF MtJBCULAR POWER. 


35 


aflcortaiaed by a delicate thermometer, and, the end of the 
cotton thread being ignited, the tube, with its contents, was 
placed in the copper bell, and lowered to the bottom of the 
Water. As soon as the combustion reached the mixture, a 
stream of gases issued from numerous small openings at the 
lower edge of the bell, and rose to the sur&ce of the water—a 
height of about 10 inches. At the termination of the deflagra¬ 
tion, the water was allowed free access to the interior of the 
bell, by opening a stopcock connected with the bell by a small 
tube rising above the suiface of the water in the calorimeter. 
The gases in the interior of the bell were thus displaced by the 
inouinbent column of water; and by moving the bell up and 
down repeatedly, a perfect equilibrium of temperature through¬ 
out the entire mass of water was quickly established. The 
temperature of the water was again carefully observed; and 
the difference betweon^this and tho previous observation gives 
the calorific power, or tho potential energy, of the substance 
consumed, expressed as heat. 

The value thus obtained, however, is obviously subject to the 
following corrections 

1. Tho amount of heat absorbed by the calorimeter and appa¬ 
ratus employed: to he added, 

2. The amount of heat carried away by the escaping gases 
after issuing fr-om the water: to he added, 

3. The amount of heat due to the decomposition of the potas- 
sic chlorate employed; to he deducted, 

4. Tho amount of heat equivalent to the work performed, by 
the gases generated, in overcoming the pressure of the atmo¬ 
sphere ; to be added. 

Although tlie errors due to those causes to some extent neu¬ 
tralize each other, there is still an outstanding balance of suffi¬ 
cient importance to require that the necessary corrections should 
be carefrilly attended to. 

The amount of en'or from the first cause was once for all 
experimentally determined, and was added to the increase of 
temperatm’o observed in each experiment. 

Tho amount of heat carried away by the escaping gases aftea* 
issuing from the water, may be divided into two items, viz.:— 

a. The amount of heat rendered latent by the water which is 
<jarried off* by the gases in the form of vapour. 

fi. The amount of heat carried off by these gases by reason of 



36 


FEiVNKLAND UN TUB 


their temperature being above that of the water from wliich they 
issue. 

It was ascertained that a stream of dry air passed through 
the water of the calorimeter at about the same rate and for the 
same period of time as the gaseous products of combustion, 
depressed the temperature of the water by only 0®‘02 C. 

By placing a delicate thermometer in the escaping giises, an<l 
another in the water, no appreciable difference of temperature 
could be obsearved. Both these ooiTeetions may thcreft^re be 
safely neglected. 

The two remaining corrections can be best considered togetlu'v, 
sinoe a single careful determination eliminates both. When a 
combustible substance is burnt in gaseous oxygen, the con¬ 
ditions are essentially different from those which obtjiin when 
the same substance is consumed at the expense of the com¬ 
bined or solid oxygen of potassic chlorate. In the first case 
the products of combustion, when cooled to the temperatiu-o of 
the water in the calorimeter, occupy less space than the sul>- 
stances concerned in the combustion, and therefore no part of 
the energy developed is expended in external work—that is, in 
overcoming the pressure of the atmosphere. In the second oaso 
both the combustible and the supporter of combustion arc in 
the solid condition, whilst a considei’able proportion of tho pro¬ 
ducts of combustion are gases. The generation of tho hitter 
caimot take place without the perfonnance of external work; for 
every cubic inch produced must obviously, in ovonjomingutmo- 
spherio prissure, perform an amount of work oquivaleut in 
round numbers to the lifting of a weight of 151bs. to the height 
of 1 inch. In performing this work tho gases aro cooled, and 
consequently less heat is communicated to ihe water of tho 
calorimeter. Nevertheless the loss of heat due to tliis cause is 
but small. Under the actual conditions of tho experimontH 
detailed below, its amount would only have increased tho tem¬ 
perature of the water in the calorimeter by 0°*07 0. Even tins 
slight error is entirely eliminated by the final correction which 
we have now to consider. 

It is well known that the decomposition of potassic clilorate 
into potassic chloride and free oxygen is attended with the evo¬ 
lution of heat; if a few grains of manganic oxide, or, better, of 
ferric oxide, be dropped into an ounce or two of fused potassic 
chlorate, which is slowly disengagjing oxygon, the evolution of 
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gas immediately proceeds with great violence, and the mixture 
becomes visibly red-hot, although the external application of 
heat be disoontimicd from the moment when the metallic oxide 
is added. The latter remains unaltered at the close of the 
operation. It is thus obvious that potassic chlorate, on being 
decomposed, furnishes considerably more heat than that which 
is necessary to gasify the oxygen which it evolves. It was 
therefore necessary to determine the amount of heat thus evolved 
by the quantity of potassic chlorate (9*75 grms.) mixed with one 
gram of the substance burnt in each of the following deter¬ 
minations. This was effected by the use of two copper tubes, 
the QUO placed witliin the other. The interior tube was charged 
with a known weight ol the same mixture of potassic chlorate 
and manganic oxide as that used for the subsequent experi¬ 
ments, wliilst the annular space between the two tubes was Med 
with a combustible mixture of chlorate and spermaceti, the 
calorific value of which had been previously ascertained. The 
latter mixtiure was ignited in the calorimeter as before; and the 
heat generated during its combustion effected the complete 
decomposition of tho chlorate in the mteiior cylinder, as was 
proved by a subsequent examination of the Hquid in the calori¬ 
meter, which contained no traces of undecomposed chlorate. 
The following are the results of five experiments thus made, 
expressed in units of heat, the unit being equal to 1 gram of 
water raised through 1° C, of temperature. 


First experiment . 840 

Second experiment. t.... 800 

Third experiment. 375 

Fourfli experiment. ........ 438 

Fifth experiment . 438 

Mean . ... 378 


This rfesult was confirmed by the following experiments 
(1) Stiirch was burnt, first, in a current of oxygen gas, and 
secondly by admixture with potassic chlorate and manganic 
oxide. 

Heat-units famished by 1 gnn. of starch burnt with"l 

9"75 grms. of potassic chlorate .J 

Heat-units furnished by tho same weight of starch\ 
burnt in a stream of oxygen gas ^ 

Difference 


326 
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(2) Phenylio alcohol was burnt with potassic chlorate, and 
the result compared with the calorific value of tliis Bxibstance 
as determined Favre and Silbermann. 

Heat-units famished by 1 gnn. of phenyKc alcohoH 3133 
burnt with 9*75 grms. potassic chlorate.J 

Heat-units furnished by 1 grm, of phenylic alcohoF 
when burnt with gaseous oxygen (Favre and Sil- 7842 
bermann).. 

DiflTerence ... 

These three determinations of the heat evolved hj" the de¬ 
composition of 9*75 grms. of potassic chlorate, furnishing the 
numbers 378, 326, and 341, agree as closely as could be ex¬ 
pected when it is considered that all experimontal errors arc 
necessarily thrown upon the calorific value of the potassic 
chlorate. 

The mean of the above five experimental numbers was in all 
cases deducted firom the actual numbers read off in the follow¬ 
ing determinations. 

It was ascertained by numerous trials that all the potassic 
chlorate was decomposed in the deflagrations, and that but 
mere traces of carbonic oxide were produced. 

Joule’s mechanical equivalent of heat was employed, via. 
1 kilog. of water raised 1® C. = 423 metretilogs. 

The following results were obtained 

Actual Energy developed by^ 1 grm. of each mbstanoe when burnt in 



drygm. 
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energy developed by the combtiBtion of xmiscle in oxygen re¬ 
presents more than the amount of actual energy produced by 
its oxidation witldn the body, because when muscle bums in 
oxygen its carbon is converted into carbonic anhydride, and its 
hydrogen into water, the nitrogen being to a great extent 
evolved in the elementary state; whereas when muscle is most 
completely consumed in the body the products are carbonic 
anhydride, water, and urea: the whole ol the nitrogen passes 
out of the body as urea, a substance whidi still retains a con¬ 
siderable amount of potential energy. Dry muscle and pure 
albtuniri yield, under these circumstances, almost exactly one- 
thhd of their weight of urea; and this fact, together with the 
above detennination of the actual energy developed in the 
combustion of urea, oimblcs us to deduce with certainty the 
amount of actual energy developed by muscle and albumin 
respectively when consumed in the human body. It is as 
follows:— 

Actual Energy developed by 1 grm, of each substance when conr 
sumed in the body. 


IfTme of Bobstanoe (dxidd at 

Heat-uuits 

Ketrekilogs. 

100*0.). 

(Mean). 

(Mean). 

Beef mtiscle purified by ether .. 

4308 

1848 

Puified albumin .. 

4263 

1808 


lnterj)olating the data thus obtained into the results of Fick 
and Wislicenus’s experiments, let us now compare the amount 
of measured and calculated work performed by each of the ex- 
perimontors duidng tho ascent of the Faulhorn, with the actual 
energy capable of being developed by the maximum amount of 
musde that could have been consumed in their bodies, this 
amount being represented by the total quantity of nitrogen 
excreted in each case during the ascent and for six hours after¬ 
wards. 
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Fick. 

‘Wislicenus. 

Weiglit of diy muscle consumed ... 

j 37 *17 grms. j 87 00 grms. 

Actual energy capable of being pro- "I 
duced by tbe consumption of i 
37*17 and 37*00 gnus, of dry [ 
muscle in tbe body .. J 

68,690 

metiekilogs. 

68,376 

metrekilogs. 

Measured work performed in the" 

ascent (external work)./ 

Calculated circulatory and respira-' 
toiy work performed during tbe > 
ascent (internal work)... . 

129,096 

metrekilogs. 

80,641 

metrekilogs. 

148,656 

metrekilogs. 

86,631 

metrekilogs. 

Total ascertainable work performed.. 

r 160,687 
ttaetrdalogB. 

184,287 

metrekilogs. 


The actual energy capable of being produced by the coui- 
sumption of 37'17 and 37*00 grms, of iy muscle in the body 
was estirmted by Fickand Wislicenus at 106,250 and 105,825 
metrekilogs. 

The experimental determination of the acttuil energy deve¬ 
loped by the muscle-oxidation renders it now abundantly 
evident that the muscular power expended by those gentlemen 
in the ascent of the Faulhom could not be exclusively derived 
jBrom the oxidation either of their musdes or of other nitro¬ 
genous constituents of their bodies, since the maximum of 
power capable of being derived from this source, oven under 
very fovourable assumptions, is in both cases loss than one-half 
of the work actually peiformed; but tho deficiency becomes 
mnch greater if, as Fick and Wislicenus have done, we take 
into consideration the fact that tihe actual energy dovolopod by 
oxidation or combnstion cannot be wholly transformed into 
meohamoal work. In the best-constructed steam engine, for 
instance, only one-tenth of the actual energy developed by tho 
burning feel can be obtained in the form of mechanical powoi*; 
and in the case of man, Helmholtz estimates that not more 
than one-fifth of the actual energy developed in the body can 
be made to appear as external work. The experiments of 
Heidenhain, however, show that under favourable drourn- 
stances a muscle may be made to yield, in the shape of 
mechanical work, as much as one-half of the actual energy 
developed within it, the remainder assuming the form of heat. 
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Tuldng, tlxeu, this highest estimate of the proportion of 
mechanical work capable of being got out of actual energy, it 
becomes neoessaiy to multiply by 2 the above numbers repre- 
soutiug the ascertainable work performed, in order to express 
the actual energy involved in the production of that work- We 
then get the following comparison of the actual energy capable 
of being developed by the amount of muscle consumed, with 
the actual energy necessary for the performance of the work 
executed in the ascent of the Faulhom. 



1 Fick. 

Wislicenus. 


metrekilogs. 

metrekilogs* 

Actual energy capable of being pro-1 
duced by muscle metamorphosis j 

68,690 

68,376 

Actiul energy expended in workl 
peiformed .... j 

319,274 

368,574 


Thus, taking tlxe average of the two experiments, it is evident 
that scarcely one-fifth of the actual energy required for the 
work performed coxild be obtained from the amotmt of muscle 
consumed. 

Interpreted in the same way, previous experiments of a like 
kind prove the same thing, though not quite so conclusively. 
To illustrate this, I wdll here give a summary of three sets of ex¬ 
periments,—^the first, made by Dr. E. Smith upon prisoners en¬ 
gaged in treadmill labour; the second, by the Bev. D. Haugh- 
ton ui)on military piisoners engaged in shot drill; and the third 
adduced by Playfair, and made upon pedestrians, pile-drivers, 
men turning a winch, ^uul other labomrers. 

Daudwheel Experiments, 

A treadwhoel is a revolving drum with steps placed at dis¬ 
tances of 8 inches, and the prisoners ai*e required to turn the 
wheel downwards by stepping upwards. Four prisoners, 
designated below as A, B, C, and D, were employed in these 
experiments; and each worked upon the wheel in alternate 
quarters of an hom‘, resting in a sitting posture during the in¬ 
tervening quarters. The period of actual daily labour was 
^ hours. The total ascent per hour 2,160 feet, or per day 
1 *4S2 mile. The tbllowiiig are the results:— 









42 ' FRANKLAITD ON THE 


Treadwheel Work* (E. Smith.) 



Weight in 
kilogs. 

Ascent in 
metres. 

Bays 
occupied 
in ascent. 

External 
work per¬ 
formed in 
metrekilogs. 

Total 

nitrogen 

evolved. 

Weight of 
dry muscle 
corresponding 
to nitrogen. 

A 

47 *6 

23.045 

10 

1,006,942 

grms. 

171-3 

grms. 

1101 *2 

B 

49 


10 

1,129,205 

174*6 

1121-7 

C 

56 


9 

1,140,766 

168-0 

1080-1 

D 

56 

30,741 

9 

1,161,496 

159-8 

1024-3 


In these experiments the measured work was performed in 
the short space of three and a^-half hours, whilst tho nitrogen 
estimated was that voided in the shape of urea in 24 hours. It 
will therefore he necessary to add to the measured work that 
calculated for respiration and circulation for the whole period of 
24 hoTirs. This amount of internal work was computed from 
the estimates of Helmholtz and Fick, as follows ;— 


Internal Work, (Helmholtz and Fick.) 



1 Work 

i performed. 

} 

Actual onexgy 
required. 

Girculalion of the blood during 241 
hours at 75 pulsations per minute j 
Bespiration for 24 hours at 12 pul-1 

sstiona per minute...J 

Statical ftcMvMy of muscles ... 

1 metrekilogs.* 
69,120 

10,886 

Noidetermined 

» f> 

metrekilogs. 

138,240 

21,772 

Not detennined. 

n » 

Peristaltic motion ... 



80,006 

1 

160,012 


Taking this estimate for internal work, the average results of 
the treadwheel experiments may be tilius expressed :— 


Treadioheel Work, 


Average external work per man perl 

^7 .J 

Average nitrogen evolved per manl 
per day. J 


119,606 metrekilogs. 
17*7 grms. 


* Since making use of this number I tad that Donders estimates the work of 
Uie heart alone for twenigr-foar horns at $6,000 metrekilograms, a figure which is 
higher than that used above for the combined work of circulation and respiration. 
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Ireadwheel T^crL —(Continiied.) 

Weight of dry mxisole correspondiiigl 
to average nitrogen evolved per dayj guns. 

Actual energy producible by the con-1 
sumption of 114 grms. dry muscle [ 210,672 metrekilogs, 

in the body ... J 

Average actual energy developed in the body of each man, 
viz.:— 


External work. 119,605 x 2 = 239,210 metrekilogs. 

Circulation . 69,120 x 2 = 138,240 

Respiration. 10,886 x 2 = 21,772 „ 


399,222 

In these experiments the conditions were obviously very un¬ 
favourable for the comparison of the amount of actual energy 
produciblo from muscle-metamorphosis with the quantity of 
actual energy expended in the peiformaace of estimable work, 
since, dming that portion of the 24 hours not occupied in the 
acttial experiment, a large amount of imestimable internal work, 
such as the statical activity of the muscles, peristaltic motion, 
&c., was being performed. Nevertheless these experiments 
show that the average actual energy developed in producing 
W03'k in the body of each man was nearly twice as great as that 
which could pofosibly be produced by the whole of the nitro¬ 
genous matter oxidized in the body during 24 hours. It must 
also be remarked that the prisoners were fed upon a nitro¬ 
genous diet containing six oxmees of cooked meat without bone 
—a diet wliicli, as is well known, would favour the production 
of urea. 


Shotrdrill Expei^menth* 

The men employed for these experiments were fed exclusively 
upon a vegetable diet, and they consequently secreted a con¬ 
siderably smaller amount of nitrogen than the flesh-eaters 
engaged in the treadwheel work; the other conditions were. 
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however, equally ttnfavoiirable for showing the excess of work 
peorforxned over the aiuotmt derivable fipoin mnscle-inotiuuor- 
phosis. 

In shot drill each man lifts a 32-lb. shot from^ a trossel to \m 
breast, a height of 3 feet; he then carries it a distance of 9 ie<*t, 
and lays it down on a similar support, returning unloaded. Six 
of these double journeys occupy one minute. The men were 
daily engaged with 


Shot drill... 3 hours. 

Ordinary drill.. 1^ « 

Oakum-picking .. 3^ „ 


The total average daily external work was estimated by 
Haughton at 96,316 metrekilogs. per man. The following is 
a condensed summary of the results of these experiments:— 


Mxlitary Vegetarian Prieoners at Shot PrilL (Haughton.) 

96,316 metrekilogs. 


12*1 gnns. 

Weight of dry^ muscle correspondingl 
to average nitrogen evolved per day J ‘ ' ’’ 

Actual energy producible by the con-i 
sumption of 77’9 grms. of dry muscle > 143,950 metrekilogs. 
in the body ... J 

Average actual energy developed daily in the body of oach 
man, viz.:— 

External work 96,316 x 2 . = 192,632 metrekilogs. 

Internal work. = 160,012 „ 


Average external work per man per 

day._ 

Average nitrogen evolved per man’ 
per day. 


352,644 

Owing chiefly to the vegetable diet of those prisoners, this 
result is more conclusive than that obtained upon the tread- 
wheel, the amount of work actually performed being conside¬ 
rably more than twice as great as that which could possibly be 
obtained through the muscle-metamorphosis occurring in the 
bodies of the prisoners. 
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Play faiths Determiruxtiom. 

In these deteiminatious the umnber 109,496 metreldlograms 
was obtained as the average amount of daily work performed 
by pedestrians, pile-drivers, porters, paviors, &c.; but as the 
amount of muscle consumption is calculated from the nitrogen 
taken in the food, the conditions are as unfavourable as possible 
with regard to tlie point I am seeking to establish; for it is here 
assumed, not only that all the nitrogen taken in the food enters 
the blood, but also that it is converted into muscle, and is after¬ 
wards oxidized to carbonic anhydride, water, and urea. 

The following are the results, expressed as in the previous 
cases:— 


Hard-worked Lahomer (Playfair). 



Work 

petfomed. 

Actual energy 
required. 


saetrekilogs. 

metrekilogs. 

Daily Ubour (nztemal irork) .. 

109,496 

218,992 

Internal work..... 

80,006 

160,012 


189,502 

379,004 


Aotual energy capable of being produced brom 5*5 oz. (155*92 grms.) of xneirekils. 

fleah-formcre contained in the daily food of the labourer. 288,140 

Tims, even under the extremely unfavom-able conditions of 
these detormiaations, the actual work performed exceeded that 
which could possibly bo produced through the oxidation of the 
nitrogenous constituents of the daily food by more th*m 30 per 
cent. 

We have seen, therefore, in the above four sets of experi¬ 
ments, interpreted by the data afforded by the combustion of 
muscle and urea in oxygen, that the transformation of tissue 
alone cannot account for more than a small fraction of the mus¬ 
cular power developed by animals; in fact this transformation 
goes on at a rato almost entirely independent of the amount of 
muscular power developed., If the mechanical work of an 
animal be doubled or trebled, there is no corresponding increase 
of nitrogen in the secretions; whilst it was proved, on the 
other hand, by Lawes and Gilbert, as early as the year 1854, 

vnr.- Yvr E 
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that a’niTna.Ia Tinder the same conditions as regarded exorcise, 
had the amount of nitrogen in their secreiions increased two¬ 
fold by merely doubling the amount of nitrogen in their food. 
Whence, then, comes the muscular power of animals ? What 
are the substances which, by their oxidation in the body, furnish 
the actual energy whereof a part is converted into muscular 
work? In the light of the experimental results detailed above, 
can it be doubted that a largo proportion of the muscular power 
developed in the bodies of animals has its origin m the oxidation 
of non-nitrogenous substances ? For, whilst the secretion of 
nitrogen remains nearly stationary under widely different degrees 
of muscular exertion, the production of carbonic anhydride in¬ 
creases most markedly with every augmentation of muscular 
work, as is shown by the following tabulated results of 
E. Smith’s highly important experiments upon himself, re¬ 
garding the amount of carbonic anhydride evolved imder dif¬ 
ferent circumstances.* 

Excretion of carbonic anhydaide during rest and muscular 
exertion:— 

Carbonic anhydride 
per boui. 

Dming sleep .. 19-0 grams. 

Lying down, and sleep approachiig .. 23-0 „ 

In a sitting postm-e. 29'0 „ 

Walking at the rate of 2 miles per hour 70-5 „ 

Walking at the i-ate of 3 miles per hour 100^6 „ 

On the treadwhecl, ascending at the 
rate of 28-65 feet per minute. 189*6 

It is admitted on all hands that food, and" food alone, is ibo 
ultimate source fi-om which muscular power is deiivod; bill the 
above determinations and considerations prove conclusivoly, 
first, that the non-nitrogenous constituents of the food, such as 
starch, fat, &c., are the chief sources of the actual energy which 
becomes partially transformed into muscular work-, and secondly, 
that the food does not require to become organized tissue before 
its metamorphosis can be rendered available for muscular power, 
its digestion and assimilation into the circulating fluid (the 
blood) being all that is necessary for tins purpose. It is, how¬ 
ever, by no means the non-nitrogenous portions of food alone 


* ?inl. Traus., for 1859, p. 709. 
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that are capable of being so employed—^the nitrogenous also, 
inasmuch as they are combustible, and consequently capable 
of furnishing actual energy, might be expected to be avaflable 
for the same purpose; and such an expectation is confirmed by 
the experiments of Savory upon rats,* which show that these 
animals can live for weeks in good health upon food consisting 
almost exclusively of muscular fibre. Even supposing these 
rats to have performed no external work, nearly the whole of 
their internal muscular work must have had its source in the 
actual energy developed by the oxidation of their strictly nitro¬ 
genous food. 

It can scarcely be doubted, however, that the chief use of 
the nitrogenous constituents of food is for the renewal of mus¬ 
cular tissue—^the latter, like every other part of the body, 
I'equiring a continuous change of substance; whilst the chief 
function of the non-nitrogenous is to furnish, by their oxidation, 
the actual energy which is in part transmuted into muscular 
force. 

The combustible food and oxygen coexist in the blood which 
cotirses through the muscle; but when the muscle is at rest, 
there is no chemical action between them. A command is sent 
from the brain to the muscle, the nervous agent determines 
oxidation. The potential energy becomes actual energy, one 
portion assuming the form of motion, another appearing as 
heat. Here u the source of animal heat^ h&*e ike origin of muscular 
power! Like the piston and cylinder of a steam-engine, the 
nmsclti itself is only a machine for the transformation of heat 
into motion; both are subject to wear and tear, and require 
renewal; but neither contributes in any important degree, by 
its own oxidation, to the actual production of the mechanical 
power which it exerts. 

Prom tliis point of view it is interesting to examine the 
various articles of food in common use, as to their capabilities 
for the production of muscular power. I have, therefore, made 
careful estimalions of the calorific value of different materials 
used as food, with the same apparatus and in the same manner 
as described above for tbe detennination of the actual energy 
in muscle, urea, &c. The results are embodied in the following 
series of tables; but it must be borne in mind that it is only on 
the condition of the food being digested and passed into the 

• The 1 ancet, 1808, pages 381 and 412. 
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blood, that the results given in these tables are realized. If, 
for instance, sawdust or paraffin oil had boon experimented 
upon, numbers would have been obtained for these substances, 
the one about equal to that assigned to starch, and the other 
surpassing that of any article in the tables; but these numbers 
would obviously have been utterly fallacious, inasmuch as 
neither sawdust nor paraffiLn oil is, to any appreciable extent, 
digested in the alimentary canal. Whilst tho force-values 
experimentally obtained for the different articles in those tables 
must, therefore, be understood as the maxima assignable to the 
substances to which they belong, yot it must not bo forgotten 
that a large majority of these substances appear to be com¬ 
pletely digestible under normal circumstances. 


Tabus L —BesultB of ExpeHm&nis wilJi Food dried at 100® 0., in 

heat-iinits. 


Name of Food. 

Ill 

Heat- 
units* 
2nd Exp. 

Heat- 
units. 
8rd Exp. 

TIoat- 

units. 

(Mean.) 

Cheshire cheese........ 

6080 

6149 

* • 

6X14 

Potatoes... 

8752 

,, 

, , 

8762 

^ples ... 

Mackerel...... 

8778 

8662 

* • 

3609 

6994 

6184 

* , 

6064 

Oatmeal (not dried).. 

4148 

4018 

8867 

4004 

Leaabeef .... 

6271 

6260 

6410 

6818 

White of egg.... 

4828 

49i0 

4927 

4896 

Carrots .T.... 

8776 

8769 

« e 

876T 

Pea-meal (not dried)... 

8866 

4006 

4 . 

8986 

Flour (not dried) .. 

8941 

8931 

» 4 

8086 

Arrowroot (not dried) .... 

8928 

8902 

4 4 

8912 

Butter... 

7287 

7291 

• 4 

7264 

Ham boiled and lean .... 

4188 

4498 


4843 

Lean veal ... 

4459 

4696 

4488 

4614 

Hard-boiled egg. 

6466 

6187 


6821 

Telk of egg . 

6460 

1 


6460 

lainglasa ...... ...t..,. 

4620 

4620 


4620 

cU)iMc:s . 

3809 

3744 


3776 

Whiting... 

4520 1 

4520 


4620 

Qround rice (not dried).. 

3802 

3824 

* • 

8813 

Cod-liver oil .. 

9184 

9080 

• f 

9107 

Cocoa nibs (not dried). 

6809 

mm 


6878 

Besidue of mUk..... 

6066 



6098 

Bread crumb.. 

3984 

8984 


8984 

Bread crust (uot dried).... 

4469 



4469 

Lump sugar (not dried)... 

8408 

8294 


3848 

Oommertdal gtape-sugw (not dried). 

Besidue from bottled ale .. 

8277 

8776 

8277 

3744 


8277 

8760 

Besidue &om bottled stout 

6848 

6466 


6401 
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Table U .—Aetwd Energy developed ly 1 gram of varioue Armies 
of Food when humt in Oxygen. 


IT'ame of Food. 

Heat-units. 

Metrekilogxams 
of force. 

Percent, 
of water. 

Dry. 

Hatural 

condition. 

Biy. 

Hatural 

condition. 

Cheese (OheaMre). 

6114 

4647 

2589 

1969 

24 *0 

Potatoes. 

3762 

1013 

1689 

429 

73*0 

Apples. 

3669 

660 

1554 

2S0 

82 *0 

Oa^eal.. 


4004 

. * 

1696 


Flour . 

,. 

3986 


1669 


Pea-meal. 


8936 


1667 


Ground rice . 


3813 


1615 


Arrowroot.. 

,, 

3912 1 

• • 

1657 


Breadcrumb. 

8984 

2231 

1687 

945 

44-0 

Bread crust.. 

., 

4459 

, , 

1888 


Beef (lean) .. ... 

5318 

1667 

2250 

664 

70*5 

Vetd. 

4514 

1314 

1912 

556 

70*9 

Ham (boiled) •••••«•«,•««•* 

4343 1 

1980 

1889 

889 

54*4 

Mackerel... 

6064 1 

1789 

2568 

758 

70-6 

Whiting... 

4520 1 

904 

1914 

888 

80*0 

White of egg. 

4896 

671 

2074 

284 

86*3 

Hard-boiled egg... 

6321 i 

2383 

2677 

1009 

62*8 

Telkof egg .. 

6460 

3428 

2787 

1449 

47*0 


4520 

,, 

1914 



Milk .... 

5098 

662 

2157 

280 

87*0 

Cairrots .. 

8767 

627 

1595 

223 

86*0 

Cabbage . 

8776 

484 

1699 

184 

88-5 

Cocoa nibs. 

,. 

6878 

., 

2911 


Beef fat .. 

9069 


3841 



Butter. 


7264 

,. 

8077 


Cod-liTcroil . 

,, 

9107 

,, 

8857 


i^agar . 


3348 

,, 

1418 


Commercial grape-sugar .... 

., 

3277 

•, 

1388 


Basses ale (alcohol reckoned) . 

8760 

776 

1599 

328 

88-4 

Guiness’s stout „ 

6401 

1076 

2688 

455 

88*4 


I 

Table TII. —Actual Energy developed hy 1 gr<m of mrioue Articlm 
of Pood when oxidized in the Body* 


0 

Name of Food. 

Metrekilograms of force. 

Dry. 

!5ratural 

1 condition. 

Cheshire cheese.. 

2429 

1846 

Potatoes... 

1563 

422 

Apples.. 

1616 

278 

Oatmeal... 

.* 

1665 


% 
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Table III —cmitmuetL 


Name of Food. 

Metrekilograms of force. 

Dry. 

Natural 

condition. 

Flour ... 


1627 

Pea-meal. 

.. 

1598 

Ground rice .. • • • • 

, • 

1601 

Airow-root... 


1667 

Breadcrumb. 

1625 

910 

lieau of beef .. 

2047 

604 

Lean of veal . 

1704 

496 

Lean of ham (boiled).. 

1669 

711 

Mackerel. 

2315 

683 

Whitmg... 

1675 

335 

White of egg.. 

1781 

244 

Hard-boiled egg. 

2562 

966 

Yelk of egg . 

2641 

1400 

Qelatin ... 

1550 


Milk. 

2046 

266 

Carrots . 

1574 

220 

Cabbage ..*. 

1543 

178 

Cocoa-nibs. 

• • 

2902 

Butter.. ... 

,. 

3077 

Beef fat . 

3841 


Cod-lireroil. 

8857 


Lump sugar . 

• • 

1418 

Commercial grape-sugar .... 

.. 

1388 

Bass's ate (bottled). 

1559 

828 

Guiness’s stout „ .. 

2688 

455 


Table IV. — WHglit and Cost of mnom AniAoUB of Food re^juired 
to be oxidised m the body in order to raise 140 /be. to the height of 
♦ 10,000 fee^. 


External Work = one-fifbh of Actual Energy. 


Name of Food. 

Weight in lbs. 
required. 

Price 
per lb. 

Cost. 

Oheriiirecheese............ 

1-166 

& d. 

0 10 


Potatoes.. 

5-068 

0 1 


Apples...... 

7-815 

0 n 


Oatmeal... 

1-281 

0 2} 


Flour.. 

1-311 

0 2} 


Pea-meid... 

1-335 

0 3i 


Ground rice . 

1 -341 

0 4 


Arrowroot... 

1*287 

1 0 


Bread «• *. 

2^345 

0 2 

0 4| 
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Table IV— continued. 


Name of Food. j 

We^^htinlbs. 

required. 

Price 
per lb. 

i 

1 Cost. 

1 


a. d. 

a. d. 

Lean beef .> 

3*532 

1 0 

3 64 

Leanvcal . 

4-300 

1 0 

4 34 

Lean ham (boiled). 

3-001 

1 6 

4 6 

Hackerel. 

8-124 

0 8 

2 1 

Whiting. 

e-86» 

1 4 

9 4 

White of egg. 

8-746 

0 6 

4 44 

Hard-boiled egg. 

2 209 

0 64 

1 24 

IbinglaES.. 1 

1 377 

16 0 

22 01 


8-021 

5c2.perqrt. 

1 3i 

Carrots .| 

1 9 685 

0 14 

1 24 

Cabbage... 

12 020 

0 1 

1 04 

Cocoa nibs. 

0*735 

1 6 

1 14 

Batter.. 

0*693 

1 6 

1 01 

Beef fat. 

0 ‘555 

0 10 

0 54 

Cod-Ureroil . 

0-553 

3 6 

1 114 

Lump sugar . 

1-505 

0 6 

1 3 

Oommercial grape-sugar .... 

1-537 

0 34 

0 54 

Bass’s pole ale (bottlA) .... 

9 battles. 

0 10 

7 6 

Guinoss’s stout „ .... 

61 ,, 

0 10 

5 74 


TajbLE V, —Weight of various Articles of Food required to sisstain 
Fe^roHon omd Circulation in tli^ Body of an average Man 
during twenty-four hours. 


Name of Pood. 

Weight 

inoza. 

Name of Food. 

Weight 

inozs. 


3*0 

Whiting ... •.. • 

16 -8 


IS 4 

White of egg . 

23 1 


20 -7 

Hard-boiled egg .. . 

5-8 


3-4 

Gelatin.. 

3-6 


8*5 

Milk. 

21 -2 

'pAa.vni B.1 .. 

8-5 


25*6 


8 6 

Cabbage . . 

31 -8 

A •.mwivt At. _ .......... 

8-4 

Cocoa nibs.. 

1*9 

TtvAB.^ ... 

6-4 


1-8 

TlAATt VkAAf ___ 

9 3 

Cod-liver oil . 

1-5 

TiOO-n TTAftl ............. 

11*4 

Lump sugar . 

3*9 

Lean ham (boiled) . 

7-9 

Qommerdal grape-sugar.... 


Mackerel .- 

8-3 




Tlicso resTilts are fiiUy borne out by experience in many in¬ 
stances. The food of the agricultural labourers in Lancashire 
contains a large proportion of fat. Besides the very fat bacon 
which constitutes their animal food proper, they consume large 
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quaatities of so-called apple dtunplings, the chief portion of 
■which consists of paste in whidi dripping and suet arc large 
ingredients; in fact, these dumplings jboq'ucntly coTitiiin no 
fruit at aU. Egg and bacon pies and potatoe pies arc also very 
Qommon p^cBB de rhutance during harvest time, and whenever 
very hard work is required from the men. I well remember 
being profoundly impressed with the diimers of the navigators 
employed in the construction of the Lancaster and Pre^ston 
Railway; they consisted of thick slices of bread siumounted 
•with massive blocks of bacon, in which mere streaks of loan 
were visible. Those labourers doubtless find that from fat 
bacon they obtain at the minimum cost the actual energy 
required for their arduous work. The above tables afSrm the 
same thing. They show that “55 lb. fat will perform the vrork 
of 1T5 lb. cheese, 5 lbs. potatoes, 1*3 lb. of flour or poarmcal, or 
of 3-^ lbs. of lean beef. Bonders, in his admirable pamplilot 
“ On the Constituents of Food, and their relation to Muscular 
Work and Animal Heat,” mentions the observations of Dr. M. C. 
Verloren on the food of insects. The latter remarks, ‘‘mjiny 
insects use, during a period in which veiy little muscular work 
is performed, food containing chiefly albuminous matter; on 
the contrary, at a time -when the musculai* work is very con¬ 
siderable, they live exclusively, or almost exclusively, on food 
free from nitrogen.” He also mentions bees and butterflies as 
instances of insects performing enormous muscular work, and 
subsisting upon a diet containing but the merest traces of 
nitrogen. The foUo’wmg conclusions, may, therefore, bo drawn 
from the foregoing experiments and considerations:— 

1. A muscle is a machine for the conversion of potc'ntial 
energy into mechanical force. 

2. The mechanical force of the muscles is derived chiefly 
from the oxidation of matters contained in the blood, and only 
in a very subordinate degi’ee from the oxidation of the muH<ilos 
themselves. 

3. In man, the chief materials used for the production of 
muscular power are non-nitrogenous; but nitrogenous matters 
can also be employed for the same purpose, and hence tlio 
greatly increased evolution of nitrogen under the influence of a 
flesh diet, even with no increase of muscular exertion. 

4. Like every other part of the body, the muscles are con¬ 
stantly being renewed; but this renewal is scarcely perceptibly 
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more rapid during great museular activity than during oompar- 
rative quioftccjico. 

5. After tho supply of sufficient albuminoid matters in tbe 
food of man to provide for tbe necessary renewal of the tissues, 
tho best materials for tbe production both of internal and ex¬ 
ternal wort are non-nitrogenous matters, sucb as oil, fat, sugar, 
starcb, gum, &c. 

6. The non-nitrogonous matters of food which find their way 
into the blood yield up all their potential energy as actual 
energy; the nitrogenous matters, on the other hand, leave the 
body with a portion (at least one-seventh) of their potential 
energy imexpended. 

7. Tho transformation of potential energy into muscular 
power is necessarily accompanied by tho production of heat 
within Ihe body, oven when the muscular power is exerted 
externally. This is doubtless tlio chief, and probably the only, 
sourco of animal heat. 


VI .—On tlie ArHfiaial Production of Coumarin and Formatum of 
its Homologues. 

By W. H. Perkin, F.R.S. 

It is well known that coxunarin, when fused with hydrate of 
* potassium, yields s«xlicylio and acetic acids. Tins fact has 
naturally led cliomists to assume that there must exist a close 
relationship between this body and the salicylic series. No one, 
however, appears to have studied this subject, and, in fact, when 
we consider tho formula of coumarin and compare it wiUi that 
of any member of that scries, we sec that there is but little 
room for speculation; for example, if we compare the formxda 
of coumarin with that of the hydride of salicyl, it will be seen 
that there exists only a difference of two equivalents of carbon, 
but it must bo remembered that salicylic acid does not result 
from the action of hydrate of potassium upon coumaiin, but is, 
in fact, a prodxict of the decomposition of ooumario acid, there¬ 
fore, speaking correctly, it is coumarie acid, and not coumiirin, 
which is related to tho salicylic series. 
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Under the name of accto-salicylol, is described a body iso¬ 
meric Tvith conmario acid, and tliis substance, being an acetyl 
derivative of tlie hydride of salicyl, should yield, if fiisod with 
hydrate of potassium, exactly the same products of decompo¬ 
sition as coumaric acid would, if treated in a similar rnanuoi*. 

In a paper I lately had the honour of reading before this 
Society, I mentioned that I was unable to obtain acetonsalicylol, 
or, more correctly, the hydride of aceto-salicyl, by the method 
of Oahours, and also that my endeavours to prepare it by the 
action of acetic anhydride upon the hydiido of salicyl were 
unsuccessful. 

It then appeared to me probable that if the hydride of salicyl 
were replaced by its sodium derivative, I might expect a better 
result, thus,— 



Hydride of sodium- Hydride of aceto- 

salioyl. salicyl. 


On performing this experiment, the following results wore 
obtained. 

The hydride of sodium-saJicyl, when submitted to the action 
of a^setic anhydride, rapidly loses its yellow colour, and thou 
dissolves; this change is attended with a very considerable ele¬ 
vation of temperature, the mixture becoming quite hot. After 
this reaction has moderated, the product, when boiled for a low 
minutes, and then poured into water, sinks as an oil, acetate of 
sodium dissolving. On distilling this oil, any acetic anhydride 
that may have escaped decomposition comes over at first, tlien 
hydride of salicyl; the temperatm*e then rises rather quickly, 
and when it has reached 290®, all the remaining product on 
being distilled into a sepai-ato receiver, solidifies to a erysbilliuo 
mass on cooling. 

This product, when purified by pressure between bibulous 
paper, and recrystallisod two or three times from alcohol, gave 
the following number on analysis;— 

I. *2396 of substance gave 
*6508 of COg and 
*0942 of HgO. 

n. *2387 of substance gave 
•6467 of CO^ and 
•0920 of H,0, 
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Those numbers give percentages agreeing with the formula— 

CgHgOgj 

as the following comparisons will show :— 

Ixperunent. 

^— 

L 11. 

74-07 73-87 

4-36 4-28 


It will bo seen that this formula is not that of the hydride of 
acoto-salicyl, beitig deficient by an equivalent of water. It is, 
however, the formula of coutiiarin. 

To prove that this substance is in reality pure coumarin, and 
identical with the natural product, the following comparisons 
of its properties with those of a specimen prepared firom the 
Tonka bean, were made. 

L When crystallised fi-om water, side by side, these two 
products could not be distinguished the one from the other, the 
appearance of the crystals and their grouping being identical. 

II. Crystallised firom alcohol, side by side, they appeared per¬ 
fectly alike. 

in. Their melting points were also the same. 

IV. Their boiling points were also ihe same. 

V. ’When heated with strong aqueous hydrate of potassium, 
each yielded coumario acid, and moreover the acid prepared 
from both specimens possessed the same melting point. 

VL Fused with hydrate of potassium, they yielded salicylic 
add. 

Vn. They also possessed exactly tho same odour. 

It will be remembered that some time since I made a vei'bal 
communication to the Sodety, upon the artificial formation 
of this body,* but stated that I had not had an opportunity 
of ascertaining whether it was identical, or only isomeric wilh 
the natural product; from the foregoing comparisons, however, 
I ibinir I may safely conclude that this artificial coumarin is the 
same as that obtained from the Tonka bean. 

It will not, perhaps, be out of place to make a few obser- 

* Laboratoiy, vol. i, p. 186. 


Theoiy. 




108 

73-97 

6 

4-11 

32 

21-92 

146 

100-00 
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vations respecting the properties of coninarin, ■which 1 have 
found to diff er some'what from those described in chotnioal 
works. The melting point of this substance is nearly 20* higher 
ttian that recorded, being between 67® and 67“‘5 C. Its boiling 
point is also much higher, my 63q)erimonts giving 290“*5 to 
291° C. as the temperature, whereas it is generally stated as 
270° C. It is also mentioned that ooumarin is easily soluble 
ia a solution of hydrate of potassium; this remark is perfectly 
true when applied to boiling, but not to cold solutions of that 
alkali; the slender crystals obtained by crystallising this sub¬ 
stance from water, dissolving only with extreme slowness in a 
strong, cold, aqueous solution of hydrate of potassium. 

The melting point of coumario acid I have found to be 
between 207° and'208° C., 190° 0. being the temperature usually 
given. 

The production of comnarin by means of acetic anhydride 
and the hydride of sodium-saJioyl, made it appear probable that 
if other anhydrides were substituted for -the acetic, a whole 
series of bodies homologous with coumarin, might bo pro¬ 
duced. 

This anticipation has been verified 1^ experiment. 

IhOyne Coumarin. 

Butyric anhydride acts but slowly upon the hydride of sodium- 
saliqyl, unless heat be applied, the sodium compound then loses 
its colour, and gradually dissolves; after boiling for a few 
minutes, tire product, if poured into water, soparatos as an oil, 
the butyrate of sodium which has boon formed dissolving. On 
rectifying this oil, butyric anhydride and a little hydride of 
salicyl at first come over, the temperature then rapidly increases, 
and all the product distilling above 290“ C. crystallisos on cool¬ 
ing. This is rendered perfectly pure by pressui-o botweou 
HbolouB paper and two or three crysts^ations from aloo- 
hoL In one experiment X obtained three grammes of this 
substance from twelve grammes .of the hydride of 'sodium- 
salirfyL When submitted to analysis, it gave the following 
numbere:— 

I. *1976 of substance gave 
• *5474 of ClOa and 

•1049 of HjO. 
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11. *2125 of substance gave 
•5902 of COg and 
•1115 of HgO. 

These numbers give percentages agreeing with those reqm’ed 
by the formula— 


as the following comparisons will show :— 


Theory. Fzperizaent. 




I. 

IL 

132 

75-86 

75-55 

75-74 

10 

5-75 

5-89 

5-82 

32 

18-39 

— 

— 

174 

100-00 




The formula of this substance is C 2 H 4 higher than that of 
coumarin, the difference being the same as that existing be¬ 
tween acetic and butyric adds; this body is in feet a buiyrio 
coumarin^ homologous with the natural product. 

Butyric coumarin melts at from 70** to 71** 0., and on cooling 
solidifies to a beautiful crystalline mass; at 296° to 297° C. it 
distils with slight decomposition. It is but little soluble m 
boiling water, the solution becoming milky as it cools, and after 
a time depositing a small quantity of crystals in the form of 
minute needles. In boiling alcohol it dissolves freely, and on 
standing separates from this solvent in large semi-opaque 
prisms. It is easily soluble hi other. 

This body possesses the odour of ordinary coumarin, and 
also of fresh honey. 

Butyric coumarin is nearly insoluble in cold aqueous hydrate 
of potassium, and even when gently heated with a saturated 
solution of that alkali, it only melts and floats as an oil upon 
its surface; if more strongly heated, however, it dissolves per^ 
fectly, foming a pale yellow solution; this, on being farther 
concentrated, becomes opaque, and on standing a few moments 
an oily fl.uid rises to the surface, which, upon cooling, changes 
to a tenacious mass; it can then easily be separated from the 
excess of hydrate of potassium which remains fluid. This sub¬ 
stance is a compound of butyric coumarin and hydrate of'fiotas- 
Slum; it is deliquescent and very soluble in water; acids 
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eas3y decompose it, with separation of butyric coumarin. When 
heated, this compound dries up to a yellow amoiphous masSy 
and then undergoes decomposition, being converted into the 
potassium salt of a new add, apparently homologous with 
coumaric add; in fact, the coumaric acid of butyric coumarin. 
This add is crystalline and easily soluble in carbonate of 
sodium and ammonia. For want of sufficient substance 1 have 
not been able to analyse this acid. 

The addition of bromine to this coumarin causes it to liquefy, 
and on distilling the product, a tough resinoxis mass is obtained, 
giving, when digested witli alcoholic hydrate of potassium, an 
add which may be separated fiom the alkaline solution by 
means of hydrochloric acid. Ordinary coumarin, when treated 
with bromine, yields a similar product. 

Butyric coumarin, when heated with fused hydrate of potas¬ 
sium, decomposes, yielding salicylic acid, together witli hydrate 
of phenyl, and apparently butyric acid; but tlie odour of this 
latter compound is much masked by the presence of tlu‘ 
hydrate of phenyl. 


Valeric Cownarin. 

The hydride of sodium-salicyl appears to be scarcely aff<H‘tcd 
by valeric anhydride in the cold, but upon the application of 
heat, these two substances gradually react upon each oilier, 
forming a clear liquid. In performing ibis exporiincnt I j)r(‘fer 
to add the sodium compound to the boiling anhydrides ami 
then to digest the mixture for a few iniuntes. The oily j)ro- 
duct of tliis reaction, after being agitated with waler to ri'niovc' 
valerate of sodium, is collected and distilled, the portion boiling 
above 290° C. being kept 8ej)arato. This distillate, jimlilu^ Ihoso 
obtained in the preceding experiments, does not eiyhi<dlwe, 
even after standing for days, and it was only by le]>eatt‘(i 
trials, that I succeeded in obtaining a method for its ])urilu*a- 
tion. 

This process is based upon the property of coumarins lo dis 
solve in boiling solutions of hydrate of potassium, and was 
carried out in the following manner:— 

Th# above oily distillate, after being well agitated vAih a 
strong boiling solution of hydrate of potassiiun, was dihited wiih 



OF OOXJMARIN AND FORMATION OF ITS HOMOLOGDES. 59 


water, and then mixed with ether, to separate all oily products, 
the dear aqueous solution, when acidified with hydrochloric acid, 
liberated the new coumarin, which was taken up with ether, 
and the ethereal solution agitated with carbonate of sodium, 
to remoTe any acids that might be present. On evaporating 
this solution, the new product was obtained as an oil solidify¬ 
ing to a crystalline mass upon cooling. It was then separated 
from oily impurities by pressure between bibulous paper; two 
or three crystallisations from alcohol then rendered it perfectly 
pure. From twelve grammes of the hydride of sodium-salicyl 
and about 14 grammes of valeric anhydride, I have obtained, by 
the above method, two grammes of this new coumarin. Two 
combustions of separate preparations of this body gave the 
following numbers:— 

I. ’lOOG of substance gave 
•5600 of COg and 
•1153 of HgO. 

n. *2725 of substance gave 
•7630 of 00^ and 
•1610 of HaO. 

These numbers give percentages agreeing with the formula— 

^ 12 ^ 12^2 

as the following comparisons wiU show. 


Theory. Experiment. 


^ - 


L 

IL 

144 

76-59 

76-74 

76-36 

12 

6-38 

6-43 

6-56 

32 

1703 

— 

— 

188 

100-00 




This substance is therefore valeric coumarin. 

Valeric coumarin melts at 54® C., and on cooling solidifies to 
a splendid crystalline mass; at 801® C. it boils and dmtils with 
slight decomposition. It possesses a coumaric odour, but not 
to the same extent as the butyric coumarin. In boilmg water 
it dissolves to a small extent, but is apparently insolujj^e in 
cold water. It is very soluble in alcohol, from which it dystal- 
lises in splendid transparent prisms nearly three-quarters of an 
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inch in length; they appear to be oblique six-sided prisms. 
This body is also very soluble in ether. 

This coumarin appears to be insoluble in cold solutions of the 
alkalies- If added to a concentrated solution of hydrate of 
potassium, diluted -with about a fourth of its volume of water, 
and gently heated, it melts and floats as an oil, but when heated 
further, perfectly dissolves. This solution, on being concen¬ 
trated, becomes milky, and after standing a few moments, an 
oily layer forms on its surflice, becoming a tenacious mass upon 
cooling; this is a compound of valeric coumarin and hydrate 
of potassium. This product is very deliquescent and easily 
soluble in water. Hydrochloric acid decomposes it, liberating 
the valeric coumarin. If heated strongly it decomposes, yield¬ 
ing an acid most probably valeric coumaric. 

With fused hydrate of potassium this coumarin yields salicylic 
add, hydrate of phenyl, and apparently a small quantity of 
valeric acid. 

When distilled with pentachloride of phosphorous it yields 
a viscid oil, which, if gently heated, emits a tuipentinic odour, 
and when burnt, communicates a green colour to the edges of 
the flame, showing it to be a chlorinated body. 

From the preceding results we see that coumarin is but 
a member of a whole series of homologous bodies producible 
from the hydride of sodium-salicyl by means of anhydrides. The 
question, therefore, wliich presents itself for consideration is, 
what is the nature of the reaction by which these bodies are 
formed, and their consequent constitution? 

In this inquiry it will be well to consider tlio formation of 
ordinary coumarin, as the history of this substance is more 
complete than that of its homologues. 

In the reaction by which this body is formed, tliere would 
appear to be two distinct stages, the first being the formation 
of the hydride of aceto-salicyl, thus:— 


/CO,H V . ^ /CO,H \ XT ^ 


Hydride of sodium 


Hydride of aceto salicyl. 


the second consisting in the formation of ootunarin from this 
hydride of oceto-salioyl by the separation of an equivalent of 
water. 
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Respepting the first change I have found that by treating 
the hydride of sodium salicyl in a very careful manner the 
hydride of aoeto-saKcyl is actually formed* 

The second part of this reaction is not so easy of explana¬ 
tion, viz., from what part of the hydride of aceto-saJicyl is the 
equivalent of water removed. 

Seeing that this change must be effected either by the dehy¬ 
drating power of boiling acetic anhydride, or by a temperature 
not exceeding 300® C., it would not appear very probable 
that the acetyhc radical was interfered with, especially as 
acetic acid is produced when coumarin or coumaric acid is 
decomposed with hydrate of potassium. 

It is also evident that the hydride of aceto-salicyl loses its 
character as an acetate on changing into coumarin; otherwise, 
when dissolved in a strong solution of hydrate of potassium, 
coumarin should entirely split up, instead of forming coumaric 
acid. 

Further, it is e'^dent that it has lost its typical aldehydic 
hydrogen, otherwise coumarin would be an aldehyde. Assum¬ 
ing these considerations to be correct, the change which the 
hydride of aceto-salicyl undergoes on losing an equivalent of 
water, and thereby being converted into coumarin, may be 
represented thus;— 



Bjdride of aceto salicyL Comnaxxo. 

According to this formula, comnarin is a mixed add radical, 
consisting of a molecule of acetyl, jointed to a molecule of a 
radical C^H30. This would belong to the same series as 
cinnamyl, and I propose to name it DiptyL 

It will be well to see in what way the reactions of coumarin 
may be explained by this formula. I will first take the formar- 
tion of coumaric acid. 

* This sobstaace possesses all the properties pointed out by theoiy, namdly, titose 
of am aldehyde and an acetate. It freely combines ^th bisulphites and, vith 
alcoholic hy^ate of potaadom, ea^y decompose^ yielding acetate of |H)taBBiiua, and 
the hydride of potassinm-salloyl. 1 hope shortly to give a fall account of this 
body, 

von. XXI. 


F 



62 PBEKIN ON THE PRODUCTION OF OOUMABIN, ETC. 

This add is formed bjr the assimilation of an equivalent of 
water by conmarin, through the intervention of hydrate of 
potassium, in the same way that alcohol is formed from ethylene 
by the intervention of sulphuric acid. 



Ootmiariii. Coumaric acid. 


+ H,0= jo 

Ethylene. Alcohol. 

Thus expressed coumaric acid would be a phenol and not a 
true add, and, if we regard the radical salicyl as a phenol as 
well as an acid radical,— 


/CO \ 

Salicyl. 

coumaric add likewise becomes a mixed acid radical acetyl- 
salicyL 

The second reaction it will be well to consider is, the trans¬ 
formation of coumaric acid into acetic and salicylic acids. It 
will be seen that this change is easy of comprehension, the two 
radicals simply becoming hydrated. 



Gountariic add Acetic acid. Salicylic acid. 

(Acetyl-fiali<?yl> 


To express the formation of the homologues of conmarin it 
is evidently only necessary to replace acetyl by other add 
radicals. 

Ooumarin and its homologues probably have several isomers 
corresponding in number to* the adds isomeric with salicylic, and 
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if ooTimarins are simply add radicals, the possible nmnber of 
such substances capable of existence is enormous. 

The following is a table of the bodies described in this paper, 
written out according to the foregoing theoretical views. Also 
of coumaiie acid, and its probable homologues not yet 
analyzed— 


Acetic coumarin T 

(Coumarin) j 

CgHA 

CaHsO } -^oetyl-diptyL 

Propionic coumarin, wanting. 


Butyiic coumaiiu 



Valeric coumarin 



Acetic comnaric acid \ 

C 9 HA 

CoHjO \ Acetyl- 

C,H 4 (H 0 ) 0 | saKcyl. 

(Coumario acid) j 

Propionic coumario acid, wanting. 


Butyric coumaric acid 


C.H,0 1 Butyl- 

C,H*(PO)Oj' saKcyl. 

Valeric coumaric acid 


CjHgO 1 Valyl- 

C;H®(H0)0/ saKcyl. 


I am at present studying some new derivatives of coumarin 
and its homologues, with a view of obtaining a clearer insight 
into tlieii* nature. 


VIL —Note on the Privatum of Urea. 

By John Williams. 

Having had occasion to prepare rather large quantities of urea, 
I found that the result constantly fell considerably short ojF 
what I considered a satisfactory one. This led me to consider 
if the ordinary mode of preparation could not be improved 
upon. 

The result of my experiments is, that cyanate of lead is 

p 2 



64 


GLADSTONE ON THE PTROPHOSDHORIO AMIDES. 


better adapted for the purpose than the mixture of salts gene¬ 
rally present in solution, when the usual process is adopted. I 
proceed in the following manner:— 

I prepare the cyanate of lead by fusing cyanide of potassium, 
of tihe best commercial quality (containing about 90 per cent, 
of real cyanide), at a very low red heat, in a shallow iron 
vessel; red lead is added in the usual manner, by small quan¬ 
tities at a time, with constant stirring, so as to prevent the 
temperature rising too much during the operation. I prefer 
cyanide of potassium to ferrocyanide for many reasons, but 
mainly because the temperature can be kept down to the 
lowest point. 

The cooled and finely powdered product is exhausted with 
successive portions of cold water, the liquid filtered, and nitrate 
of barium added. Carbonate of barium is thus precipitated. 
The mother-liquid, treated with nitrate of lead, yields pure 
cyanate of lead; this can be waslied thorouglily, and dried at 
a gentle heat, and preseived for use. Unlike cyanate of potas¬ 
sium it is a permanent salt, and could be produced as a com¬ 
mercial product at a moderate price, if required. 

To prepare urea, it is simply necessary to digest with suflBi- 
cient water, at a gentle heat, equivalent quantities of cyanate 
of lead and sulphate of ammonium, filter and evaporate. I 
have found the result most satisfactory. 

The compound ureas may in like manner be produced by 
substituting the sulphates of the compound ammonias for tho 
ordinary sulphate of ammonium; the experiment has been tried 
and found successful. 


VIIL —On the PyTophoaphmc Amides. 

By J. H. Gladstone, Ph.D., P.E.S. 

In former communicationB* I have described three acid bodies 
which maj be viewed aspyrophosphoric acid in which one, two, 

* Qnsit. Jonnial Ohem. Soc. Yol. Ill, pp. 135 and 853. 

3>o. do, „ XYn,p,226. 

Do. do. „ XIX, pp. 1 and 290. 
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or three semi-molectiles of amidogen have displaced an equal 
nmnber of molecules of hydroxyl. Their composition and their 
relation to the original add may be thus exhibited:— 


Pyrophosphoric acid 
Pyrophosphamic ac’d 
Pyrophosphodiamic acid .. 
Pyrophosphotriamic acid 


• - P2®4^7 

.. P,(NH,)H30e 

.. P,(NH^3H0, 


The basic hydrogen of these acids decreases as the amidogen 
increases, but in the case of the last one, half the hydrogen 
combined with the nitrogen may also be replaced by certain 
metals. 

Since these papers were written, I have come across some 
addition^ facts, and have formed a more precise conception of 
the rational formulae of these bodies. I propose to narrate 
these facts first, and then to develop the mox*e complete 
theory. 

PifTopImphamiQ Acid .—This acid had hitherto been formed 
only by the breaking down of the higher amide under the 
influence of a metallic salt and heat. There is also another 
series of bodies—^the tetraphosphamides—which yield it by 
decomposition; and in some cases I have found that a solution 
containiug fiiee pyrodiamio acid gave indications of its presence 
after standing for some weeks at the ordinary temperature. 
The following experiments led me at first to believe that it might 
bo produced synthetically, but there is no conclusive proof that 
the compounds are not a peculiar series of double ammonium 
salts. 

I. Ordinary pyrophosphoric add was satmated with ammonia, 
and to this solution hy(h:ate ofbmum was added, notinexcess- 
A precipitate was obtained which, when well washed and dried, 
gave the indications of a pyrophosphamate; that is, when 
heated per se it turned black and gave off ammonia and a 
peculiar sublimate. When excess of hydrate of barium was 
added, nothing but the pyrophosphate was obtained. 

II. Similaii experiments were tried with acetate of lead, and 
ferric chloride, instead of hydrate of barium, and with like 
results. 

III. The insoluble modification of ferric pyrophosphate was 
prepared in the presence of a quantity of chloride of ammonium. 
The well-washed precipitate gave the ordinary indications of 
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the pyrophosphamate. In one experiment 0*427 gim. of the 
salt thus produced was decomposed by boiKngwith hydrochloric 
acid, and gave 0*200 grm. of ammonio-chloride of platinum, 
which is equal to 2*93 per cent, of nitrogen. Had the whole 
precipitate been the pyrophosphamate, the nitrogen would have 
been 5*65 per cent., or nearly double that found. 

IV. 0*355 grm. of ferric pyrophosphate was dissolved in 
ammonia and reprecipitated by dilute sulphuric acid. The salt 
thus obtained was well washed and decomposed by hydrochloric 
add, when it gave 0*234 grm. of ammonio-platinum salt, equi¬ 
valent to 4*13 per cent, of nitrogen. 

V. This experiment was repeated with copper instead of 
iron salt, and with a similar result. 

VI. The converse of these last experiments was tried. 
0*333 grm. of ferric pyrophosphate (soluble modification) was dis¬ 
solved in dilute sulphuric add, and repredpitated by ammonia, 
of course not in excess. The well-washed precipitate gave 
0T70 grm. of ammonio-platinum salt, equivalent to 3*14 per 
cent, of nitrogen 

That the azotized ferric compound contained in these pre¬ 
cipitates is not the ordinary pyrophosphamate is shovm by the 
following properties:—^It is soluble in excess of either pyi’o- 
phosphate of sodium or ferric chloride; it is decomposed by 
cold dilute sulphuric add; and moreover it is somewhat soluble 
in pure water. But while these properties distinguish it from 
the insoluble ferric pyrophosphamate previously known, they 
are rather suggestive of the idea that it may be a soluble 
modification analogous to the soluble ferric pyrophosphate. 
An attempt was made to convert it into the ordinary salt by 
boiKng its solution in very dilute sulphuric acid, but mthout 
success. Ferric pyrophosphamate formed in the cold by the 
double decomposition of pyrophosphamate of potassium and 
ferric chloride was found to be identical in properties vdth the 
ordinary salt. 

The action of heat upon this ferric compound is similar to 
its action on the pyrophosphamate, but even the production of 
water and of the white sublimate must be taken as evidence 
with considerable reserve; at any rate these substances are 
formed when the compound of pyrophosphorio add and am¬ 
monia is heated per se. 

For analysis it would, of course, be necessary to prepare this 
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compound free from pyxophospliate or any other salt. The 
fact that it is somewhat soluble in water, but not in a solution 
of chloride of ammonium, was taken advantage of for this 
purpose. An aqueous solution was, in fact, precipitated by the 
addition of the concentrated chloride, and the white flocculent 
compound was quickly washed with as little water as possible. 
Of what remained on the filt^-, 0*390 grm. decomposed by hydro¬ 
chloric acid gave 0*334 grm. of ammonio-chloride of platinum, 
which is equivalent to 5*35 per cent, of nitrogen. This agrees 
nearly with the amount contained in feme pyropliosphamate, 
viz., 5*65 per cent., but no ultimate analysis can decide between 
the formula P 2 (NH 2 )Fe 306 ,H 20 , and a possible double ammo¬ 
nium salt of the composition P 2 (NH^)Fe 30 iy. 

PyrojjliospJiodiamic Acid .—I formerly publibhed a character¬ 
istic test of this acid, foimded on the fact that when a solution 
containing it is rendered strongly acid, and is heated with a 
few drops of a ferric salt, the flocculent white pyrophosphamate 
makes its appearance. Precautions were given so as to avoid mis¬ 
taking for pyrophosphodiamic acid, two others which I have since 
called tetraphosphoric compounds. With my fiirther knowledge 
of these amides, I still think that the process may be looked 
upon as furnishing a chai'acteristic test, but a chemist inex¬ 
perienced in these compounds might easily be misled by the 
formation of the insoluble feme pyi*ophoBphate, which so 
closely resembles the pyrophosphamate. Hence it wdll be 
generally dosudble, if not necessary, to diy a portion oi* the 
precipitate, and examine which compound it is, hy heating it 
per se in a ti^st tube, when the pyrophosphate simply fuses, and 
the pyrophosphamate does not fuse, but turns black at first 
and gives oft* ammonia and a little white volatile salt. This 
sublimate is very soluble in water, not so in alcohol: its- 
aqueous solution contains ammonia, and some acid that gives 
a brown-black precipitate with nitrate of silver, like phos¬ 
phorous acid. It may also be borne in mind tliat the pyrophos¬ 
phamate will separate from a solution so acid as to prevent tlie 
formation of the insolnble pyrophosphate. 'A large excess of 
acid will also nearly, if not enfeely, prevent the formation of 
the oompoimd resulting fr’om pyrophosplioric acid and am¬ 
monia in juxta-positioiu So thei*e is little fear of error from 
this source- 

still as the proof that this acid may be prepared by the 



68 


GUlBSTONE on the PTEOPHOSPHORIO AKtDBS. 


eleven methods noted in my paper rests mainly on the evidence 
of thig test, I thought it well to repeat the principal expe¬ 
riments, examining whether it was the pyrophosphamate that 
was really produced. I have found it to be so in all cases, and 
I have no reason to doubt that in each instance it had been 
formed by the decomposition of pyropliosphodiamic acid. 

I^rophosphotriamic Add. —The method formerly given for 
preparing this body was not a productive one, and the acid 
was apt to be contaminated with another compound, unless 
great attention was paid to the temperature. The following 
is a far more productive and a better process:—Saturate oxy¬ 
chloride of phosphorus with dry ammonia gas, without regard 
to the rise of temperature; heat the resulting mass at about 
220 ® 0 . ; add water to it; and boil for about a minute. This 
will convert the whole of the insoluble portion into pyrophos- 
photriamic acid, with very little loss from the production of 
other phosphoric compounds. 

This acid has also been met with among the products of de¬ 
composition of one of the tetraphosphorio amides that remain 
to be described at some future time. Its formation, along with 
other compounds, when pentaohloride of phosphorus is thrown 
into the strongest aqueous ammonia, has boon ah'eady noted. 

Theoretical Constitvtion. 

In my last communication to this Sodety,* I suggested as 
the rational formula of pyrophosphoric acid,—— 

or at greater length, p^]go)^0^ ^ ^ expressed my con¬ 

viction that when this acid is produced by the mutual action of 
water and oxychloride of phosphorus, the two atoms of hydro¬ 
gen in the molecule of water are attacked simultaneously by 
two molecules of the chloride, and the water type is preserved 
in the new phosphorus compound. 

A similar explanation will hold good ii}. the formation of 
these amides from oxychloride of phosphorus, ammonia, and 
water. When the oxychloride is exposed to a current of the 
alkaline gas at a low temperature, it absorbs two equivalents, 
giving doubtless the first amide tluis:— 

PCI3O + 2NH3 = + p(im3)ca^o. 

* Jonm. Ctem. Soc., vol. sa, p. 435. 
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Wlien the oxychloride is dropped into the strongest aqneons 
solution of ammonia, it seems probable that the first action is 
the^ same. In both oases the production of the second pyro- 
phosphoric amide by the action of water (or alkaline hydrate) 
may be well explgtincd on the assumption that the two atoms 
of hydrogen (or ammonium) a^e attacked simultaneously by the 
chloride. The reaction must be expressed on paper in two 
successive stages, though they probably take place together in 
reality:— 


2 I>{NHJ 040 + |]-0 = fflO + 

or P2(NH2)2H20g, pyrophospJiodiamic add. 

These formulae are precisely analogous to those by which the 
formation of pyrophosphoric add was sought to be explained. 

But the above is not the only amidated oxychloride jfrom 
wMch the pyro-diamio acid may be produced. Oxychloride of 
phosphorus combines with 4 equivalents of ammonia gas, giving 
rise doubtless to a second amide, thus:— 

pa30-h4NH3 = 2NH^ci + v(m^^ao 

When this is treated with water, it is only necessary to suppose 
that ilie action is preoisdy similar to tliat given above, the two 
stages being probably simultaneous, and the reaction being 
favoured in this instance by the affinity of the resulting add and 
alkali for one another. 

2P(NHj,ao + g}o = 2Ha + 

or, p}p-ophoy>Jiodiam<! aeicL 

It will be perceived that this pyro-diamio acid is tbe sym- 
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metrical one, and iJiat the nnsymmetricjal pyro-amic and pyro- 
triandc adds are not to be produced by tliis Mud of reaction. 

This add is also formed directly by the mutual adion of 
ammonia and phosphoric anhydride. Nothing can be simpler. 

PjOg + 2NH3 =S P2(NH2)2H305. 


But PjOj is probably also constructed on the water-type, and 
in that case we shall have— 



0 + 2NH3 = I 



0 , 


or, P 2 (NH 2 ) 2 H 205 , pyvopliospJiodiamic acid. 


The ■unsymmetrical pyro-amic acid is produced by breaking 
down the symmetrical pyrophosphodiamic acid. 


p®(HO)o}® + = Nn,Cl -h 2HC1 + 

» I0)01o 
0)0 

or, P 2 CNH 2 )M 306 , a pyrophospliamate. 

The unsymmetrical pyro-triamic acid is produced from an 
amidated oxychloride of unknoTOi composition, or by the break¬ 
ing domi of tetraphosphoric compounds. As these have not 
yet been described, I •will content myself with writing down 
the fonnula of this acid in a mamier analogous to its con¬ 
geners :— 

Pyrophosphotriamic acid 

It is easy to understand how a substance of this composition, 
when boiled for a long time with water, or heated with sul¬ 
phuric add, parts with one of its nitrogen constituents and 
becomes the symmetrical pyrophosphodiamic add. 
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IX .—Freezing of Wat&r and Bismutli. 

By Alfred Tribe, r.O.S. 

Professor Tyndall, in his work entilied “Heat considered 
as a mode of Motion,” after speaking of the anomalous expan¬ 
sion of water prior to solidification, and the importance of this 
property in the economy of nature, controverts the generally 
received opinion that no other bodies possess the same pro¬ 
perties in this respect, and cites bismuth as a case in point. 

He says, at page 84: “ The fact, however, is, that the case 
is not an isolated one. You see this iron bottle, rent from neck 
to bottom; I break it with this hammer, and you see a core of 
metal within. This is the metal bismuth, which, when it was 
in a molten condition, was poured into this bottle, the bottle 
being closed by a screw, exactly as in the case of the water. 
The metal cooled, solidified, expanded, and the force of its 
expansion was sufl5uicnt to btU’Ht tlie bottle. There are no fish 
here to be saved, still the molten bismuth acts exactly as the 
water acts ” 

The experiment, as above detailed, shows conclusively that 
molten bismuth expands either on cooling or fireezing; but it 
affords very little or no proof of that wliich has been inferred 
from it. 

The real question ol)viously is, not whether the fluid metal 
in returning to the solid condition rends an “iron bottle firom 
neck to bottom,” but whether the jfreezing of water and bismuth 
are analogous. 

The results and details of the experiments which have been 
made with a view to answer this question form the subject of 
the present communication. 

To ascertain the general mode of solidification, paraffin, 
nitrate chlorate and hydrate of potassium, and nitrate of 
sodium were experimented with. 

The first experiments were made by simply melting bismuth, 
paraffiDti, &c., in good sized test-tubes. The solidification of the 
transparent molten substances, on cooling, could easily be 
observed to start from the bottom. The solidification of &E»- 
likewise, was found to commence at the bottom, which 
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was ascertained by ponring ojff the fluid metal, after it had 
somewhat cooled. 

Water was observed by placing tubes about three-quarters 
ftdl of the liquid in a freezing mixtui-e—taking care to have the 
mixture some little distance above the surface of the water. 
In every experiment solidification began at the surface; but in 
one especially, ice was seen gradually to descend, while in the 
freezing mixture, to the bottom. Two or three times during 
the descent, the tube was removed from the freezing mixture, 
which instantly stopped the formation of ice. 

Thinking the tubes employed favoured the solidification of 
bismuth, &c., at the bottom (there being comparatively a larger 
surface exposed to the cooling action of the air), the experi¬ 
ments were repeated in U-shaped tubes, but with the same 
results. 

The experiments were likewise made in crucibles, again with 
the same practical results. A slight modification of this form 
of experiment submitted the metal to a severe, and, what was 
considered, conclusive test. A crucible three-quarters filled 
with molten bismuth was placed over a small Bunsen’s gas jet^ 
and m this way allowed to cool extremely slowly—at the same 
time cold air was blown upon its surface. It will be seen that 
this experiment decidedly fa.vom*ed solidification on the sxnfaoG; 
but the freeziag of the metal commenced in every case at the 
bottom—^the process being repeated several times. 

At this stage of the inquiry the question presented itself: 
Have the air-currents produced by the heated tubes, &c., any¬ 
thing practically to do with solidification at the bottom. To 
ascertain this, tubes filled with melted bismuth and paraffin 
were placed horizontally in the centre of a cylinder, which was 
then immediately closed. The solidification of the paraffin— 
it being transparent—could be distinclly seen to start from the 
bottom. The bismuth was ascertained, as before, by pouring 
off the suTface metal. 

From the foregoing experiments it appears that, as a rule, 
substances solidify upwards—^water being the exception. Whe¬ 
ther water be the only exception, it is certain that bismuth 
follows the rule. 

With regard to those bodies which commence solidifying at 
the bottom we are entitled to reason as follows:— 

As soon as a liquid begins to cool, its temperature ceases 
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to be uinform, some paxticles being more exposed to cooling 
influences than others. The necessary consequence of this 
must be, a difference in the specific gravity of the different 
particles, which will arrange themselves accordingly. It may 
be assumed, therefore, that after a short time, the denser 
particles will be found at the bottom, and as solidification 
begins there, the conclusion may be drawn that the point of 
greatest density coincides with that of solidification, and it 
stands to reason that the particles which solidify first are the 
coldest. It may be concluded from this that molten bismuth, 
on cooling, does not expand before freezing, as is the case with 
water, but that it continues to contract down to the solidifying 
point. The rapid expansion, which is well known to all 
chemists, is due to the act of crystallisation. The reason why 
the metal does not rise to the surface as soon as it becomes 
solid, although specifically lighter, is simply because it adheres 
to the bottom and sides of the vessel. 

The two following experiments confirm in a great measm’e 
the above deductions: Melted paraffin and water at 100® C. 
were placed in tubes about six inches long, closed at both ends 
with corks, and then completely immersed, veitically, in cold 
water for a few minutes. It was found by a tlrermometer, 
’ that the top of each liquid was about 3° C, higher than the 
bottom. 

Hence the analogy of bismuth with water is not perfect, but 
fails just in that point which causes our rivers and lakes to 
freeze from the surface and thus protect animal life. ’ 

The above oxpeiiments were principally, through the kind¬ 
ness of Dr. Gladstone, made in his laboratory, and I am 
much indebted to him for many valuable suggestions. 
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X .—On the Isomeric forms of Valeric AcUL 
By Alexander Pedler, Esq. 

In the concludmg pages of Pranklancl and Dtippa’s memoir 
on Synthetical researches on Ethers,* the authors state that 
ordinaiy valeric acid rotates a ray of polarized light to the 
right; whilst Wurtz had previously asserted that ordinary 
valeric acid is without any action upon a polarized ray. To 
reconcile these discrepant observations. Prankland and 
Duppa suggested that active amyUc alcohol yields an active 
valeric acid when oxidized, and inactive amylic alcohol an 
inactive add, and that the sample of amylic alcohol firom 
which Wurtz’s valeric acid had been prepared, was the 
inactive variety. 

To test the validity of this suggestion, the two amylic 
alcohols were fii*st separated by Pasteur’s process, and then 
individually oxidized with a mixture of dipotassio clichromate 
and sulphuric acid in the usual manner. Equal weights of 
concentrated sulphmTC acid and amylic alcohol were mixed * 
together, the amylic alcohol being added very gradually; the 
mixture was then allowed to stand for 24 hoxdrs, and noukalized 
with baric carbonate, so as to form baric sulphamylate. The 
baric sulphamylate obtained from the active amylic alcohol, is, as 
stated by Pasteur, about two and a half times as soluble os 
that obtained from the inactive amylic alcohol; the mixed 
sulphamylates were consequently separated by fractional ciys- 
talKsation, which was continued xmtil the two stilts wci’o 
obtained in a state of purity. 

Care must be taken to keep the solutions alkaline by baric 
hydrate, or the sulphamylates will decompose when heated. 
This process is long and tedious, as numerous crystallisations 
have to be made before the perfect separation of the sulph¬ 
amylates is effected- 

The two amylic alcohols were obtained by decomposing the 
baric sulphamylates with sodic carbonate, and again decom¬ 
posing the sodic sulphamylates by ebullition with excess of 

* GEem. Soc. Joum., toI. xz, p. 102. 
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snlplmiic acid. The amylic alcohols ihiis obtained were purified 
by drying and rectification; they then exhibited the following 
characters:— 

The amylic alcohol obtained from the less soluble sulph- 
amylate, was found to boil at 129® G, and to have a penetrating 
and oppressive odour which produces coughing, and a burning 
taste. In the polariscope, when tested with a yellow sodium 
flame, it was foxmd to be perfectly incapable of rotating the 
ray of polarized light. 

The alcohol obtained from the soluble sulphamylate, had a 
boiling point of 128® 0., and an odour resembling that of the 
inactive alcohol, but more finrity; it was, however, equally 
irritating, and had a burning taste. It was foxmd to rotate a 
yellow ray of polarized light 17® to the left in a tube 50 cen¬ 
timetres long. 

For the conversion of these alcohols into valeric acid, a hot 
oxidizing mixture was used, made by dissolving two parts of 
dipotassic dicbromate in moderately hot water, and then adding 
three parts of concentrated sulphuric add. The alcohol was 
added through a funnel tube dowly, the vessel containing the 
mixture being also connected with a condenser. 

The inactive alcohol when oxidized was converted into 
valeric acid and amylic valerate, which latter was decomposed 
by sodic hydrate, and the resulting amylic alcohol again 
oxidized. There was no effervescence when the alcohol was 
added to the hot oxidizing mixture. 

The active amylic alcohol when added to the nearly boiling 
oxidizing mixture, was found to effervesce strongly from the 
evolution of caibonio anhydride. On allowing the oxidizing 
mixture to cool, and tlien adding more of the alcohol, scarcely 
any effervescence was observed. It was allowed to stand for 
some hours, and then distilled, and tlie distillate was found to 
contain valeric acid and amylic valerate, which latter was 
again decomposed and oxidized as before. 

The two valeric acids were fireed firom the accompanying 
water, which had distilled over with them, by neutralizing with 
pure sodic carbonate, evaporating to dryness, and decomposing 
with sulphuric add. When dried and distilled, they had the 
foUowing characters; 

The valeric add obtained from the inactive variety of amylio 
alcohol, boiled at 175® C., and had the characteristic persistent 
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odooT and taste of ordinary valeric acid. It was found when 
tested in the polaiiscope, not to possess the slightest action on the 
polarized ray. It is highly probable that this acid is identical 

with the isopropacetic acid * 1 ^ 002 ^^ 

obtained by Frankland and Duppa, and described in their 
memoir before mentioned. The boiling points of inactive valeric 
acid and of isopropacetic acid are identical. 

The valeric acid from the rotating amylic alcohol boiled at 
about 170° C. and had the same disagreeable odour and taste as 
the inactive acid. When tested with the ray of polarized light, 
it gave a right-handed rotation of 43 degrees in a tube 50 
centimetres long. 

The above observations with the polariscope were most kindly 
taken by Dr. Frankland, to whom my most exordial thanks 
are due. 

In order to ascertain the products of the graduated oxidation 
of the two amylic alcohols, some experiments were made by 
digesting them in sealed tubes at 100® C. with ordinary chromic 
add oxidizing mixture. 

When the rotating alcohol was thus treated, it evolved abun¬ 
dance of carbonic anhydride, and produced a largo amount of 
acetic add; while the inactive alcohol, which, when similarly 
digested, gave a mere trace of carbonic anhydride, seemed to 
produce scarcely anything but valeric acid. 

The above experiments therefore indicate, either that the non- 
rotating valeric add of Wurtz had been made, as suggested by 
Frankland and Duppa, from a non-rotating sample of amylic 
alcohol; or that the add made from the mixed alcohols had boen 
allowed to remain in contact with the hot oxidizing mixture 
sujEdently long to destroy the whole of the less stable rotating 
add. 

In a future paper I hope to be able to give a more detailed 
description of the oxidation products of the two alcohols, 
together with a comparison of the properties of the salts 
obtained from the two adds. ♦ 
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By E, Frankland, F,KS., and H. E. Armstrong, Esq. 

Although the analysis of potable waters has received no incon¬ 
siderable amount of attention, the subject is surrounded with 
such formidable difiSculties, that, at the time we undeitook its 
investigation, it was generally regarded as one of the least 
satisfactory of analytical operations. The difiGLculties concen- 
ti*ate themselves chiefly upon the determination of the organic 
matters containod in all potable natural waters, and of the 
mineral compounds derived from the decomposition of these 
organic matters, viz., nitrous and nitiic acids, and ammonia; 
the processes used for the estimation of the remaining mineral 
ingredients leaving Kttle to be desired. 

In the year 1856 Hofmann and^Bly th* drew attention to 
the defects of the processes then in use, and showed that the 
loss experienced on ignition by the solid residue of a water 
could be made more nearly than before to represent the organic 
matters, by excluding jfrom this loss ammoniacal salts, moistui'e, 
and hydrochloric acid, an improvement which they effected by 
the addition of a known weight of sodic carbonate .to the water 
before evaporation. These chemists also pointed out the gTeat 
desirability of determining the amount of nitrogen entering into 
the composition of the organic matters contained in waters, 
although they did not succeed in devising any process by which 
this could be accomplished. In 1864 Weltzient described a new 
process for determining the amount of nitric acid in waters by 
the ignition of the water-residue with finely divided metalKo 
(^pper. He also employed, for the first time, a process for the 
estimation of organic carbon, which consisted in acidulating the 
water with sulphuric acid, evaporating to dryness, and then 
igniting the residue with cupric oxide, as in an ultimate organic 
analysis. It is obvious, however, that this latter process could 
only make a distant approach to accuracy, because the sul¬ 
phuric acid would not only expel volatile organic acids if pre- 

* Report to the Fteiaideiit of the General Board of Health on the Heiirepolia 
Water Supply, by Hofmann and Bly th. 
f Ann. Chemie u. Tharm. cacxzii, SXA 
VOL. XXL 


G 



78 


FRAHKLAND AND .mi&TEONa 


sent, but, by Kberating nitrons and nitric adds, conld scarcely 
fail to cause the oxidation and loss of other forms of organic 
matter. Nevertheless, Weltzien’s memoir on the well waters 
of Carlsruhe is one of the most important contributions over 
made to this branch of analysis. 

In the following year W. A. Miller* gave an elaborate 
resume of the processes which he considered to be most worthy 
of confidence, together with some important modifications and 
valuable suggestions; and in the same year Dr. Angus Smithf 
recommended and described certain modifications in the use of 
potassic permanganate in the examination of water for sanitary 
purposes. 

In the monthly examination of waters supplied to London, 
one of us had firequently occasion to notice the serious imper¬ 
fections which stiU attached themselves to the best processes 
of water analysis hitherto employed for the determination of 
the organic matter and of the products of its decomposition. 
Since the autumn of 1866 we have been occupied with the 
critical examination of these processes, and with attempts to 
place this branch of chemical analysis upon a more satisfactory 
basis. In laying the results of our inquiries before the Society, 
it will be most convenient first to discuss the merits of the pro¬ 
cesses in general use up to the commencement of our investi¬ 
gation, and then to describe the method of analysis which we 
now venture to recommend in dealing with the particular class 
of constituents above mentioned. 

The following is a list of the determinations which are 
usually made ih the so-called partial analysis of potable waters, 
and which have been submitted by us to examination:— 

1. Estimation of total solid constituents. 

2. Estimation of organic and other volatile matter. 

3* Determination of amount of oxygen required to oxidize 
the organic matter. 

4. Estimation of nitrous and nitric acids- * i j 

6. Estimation of ammonia. ♦ ' 

We will examine these seriatim. 

L Estimation of total Solid Coristitumts ,—This operation is 
usually performed by evaporating a given volume of the water 

* J«am. Chffloa, Soc., roL xviii, p. 11^. 

f Sstii&atioii of Oiganic Matter ia Water, by R. Angus Bmith, PhJ)., F.R S., 
iBe^ ISeSw 
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to apparent dryness, witli a knomi weight of sodic carbonate, 
upon a steam bath; and, as the residue so obtained is generally 
employed for the determination of the organic and other Tolar 
tile matters expelled on ignition, it is dried at 120®—130® C., 
before being weighed. This process involves two errors: in 
the first place the salts of ammonia are decomposed by the 
sodic carbonate, the ammonic carbonate formed being expelled 
during evaporation; and, secondly, urea, if present in the 
water, is slowly decomposed dming evaporation with sodic 
carbonate, ammonic carbonate being expelled. The loss of 
weight in the solid residue arising from the latter cause is seen 
from the following determinations:— 

I. 1*506 grm. sodic carbonate, and "038 grm. urea, were dis¬ 
solved in 1 litre of distilled water; the solution was evaporated 
on the steam-bath, and the residue dried at 100° C. The latter 
weighed 1*526 grm., showing a loss of *017 grm., or 44*7 per 
cent, of the urea employed. 

n. *1 grm. sodic carbonate, and *05 grm. urea, on being 
similarly treated, left a residue which weighed *1205 grm., 
showing a loss of *0295 grm., or 59 per cent, of the urea 
present. 

It is difficult, if not impossible, entirely to avoid this loss, 
but it is much lessened by omitting the sodic carbonate, and 
drying the residue at 100® 0. By this modification of the pzo- 
cess, the elements of water which would be expelled at 
120°—130° C. are sometimes retained in the residue, but as such 
water is in chemical combination, it may be fciirly said to belong 
to the solid constituents. It is only in the residues of waters 
containing much calcic and magnesio sulphates and chlorides 
that the weight of the elements of water so retained is con¬ 
siderable. Its small amount in the case of Thames water is 
seen from the following determinations made upon three 
different samples;— 

Solid reiudao Solid residne 
dried) at dried at 

100® 120®—130® a 

100,000 parts of Thames -water gave 27*02 pts. 26*54 
100,000 „ „ 26*70 „ 26*20 

100,000 „ 26*10 „ 26*02 

n. JSstimationof Orgatae and other VoUMeMoMer-. —Thw detw- 
TniTmtinTi is effected 1:^ the gentle ignition in contact -wilii air, 

O 2 
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of the solid residue obtained by evaporation and subsequent 
drying at 120°—130° C., as above described. After being allowed 
to cool, the residue is repeatedly treated with a saturated solu¬ 
tion of carbonic anhydride in water, until, on being again dried 
at 120°—130°, it ceases to gain weight. The loss in weight 
experienced by a water residue on incineration, although now 
no longer regarded as an exact ponderal expression of the 
organic matter present in the original water, is yet considered 
by many chemists to afford at least an approximate indication 
of the amount of organic impurity. How far any reliance can 
be placed upon it in this respect may be judged of by the 
consideration of the following sources of error which we have 
found in the examination of this process. We have abeady 
shown that urea, when present in water contaminated with 
sewage, is partially dissipated during evaporation with sodic 
carbonate; thus a portion of the organic impurity of a water 
may be lost before the determination of the ‘‘ organic and other 
volatile matter ” is made, but this eiTor is still finiiher increased 
in the case of urea, and probably also in that of other nitro¬ 
genous organic compounds, by the impossibility of expelling 
the whole of the organic matter on ignition, as is seen from the 
following experiments:— 

L A wateivresidue consisting of *997 gnn. sodic carbonate, 
and *0205 gnn. urea, lost on ignition *003 grm. 

II. A water-residue counting of 1*542 gnn. sodic carbonate, 
and -039 grm. urea, lost on ignition *011 grm. 

ni. A water-residue consisting of 1*505 grm. sodio carbonate, 
and *038 grm. urea, lost on ignition *016 grm. 

The results of these experiments may be thus expressed:— 

^ . I- Ib 

Percentage of organic matter expelled 

on ignition 14*6 28*2 42*1 

« n left m 

residue 85*4 71*8 57*9 

It is probable that the organic matter left in the residue is in 
the form of sodic cyanate or oyanurate. 

Another source of error which we have repeatedly encountered 
m the use of this process consists in a continued increase of 
wei^t by successive treatments of tlie incinerated residue with 
an aqueous solution of carbonic anhydride^ until in some oases 
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the weight of the incinerated residue even exceeds that which 
was observed before incineration. This remarkable pheno¬ 
menon does not arise from any solid residue left by the solution 
of carbonic anhydride itself because this source of fallacy was 
carefully eliminated, and moreover it occurs only with par¬ 
ticular samples of water, but with these samples it is always 
observed when the determination is repeated. It occurs also 
in an equal degree when a solution of ammonic carbonate is 
substituted for one of carbonic anhydride. It is difficult to 
account for this increase in weight, but, when it occurs, the 
determination of the loss by ignition becomes impossible, 
because the analyst does not know when to discontinne the 
treatment of the residue with solution of carbonic anhydride. 
These facts show how difficult it is to interpret the meaning of 
the loss on ignition experienced by a water-residue; it may 
arise entirely from organic matter, or it may be exclusively due 
to the dissipation of mineral ingredients. On the one hand, 
there may be much more organic matter in a water than is 
represented by the total loss on ignition, indeed; we have not 
unfrequently observed in the analysis of waters, greatly con¬ 
taminated with sewage, that the loss on ignition has actually 
been considerably less than the weight of the carbon alone 
contained in the organic matters. On the other hand, this 
determination may indicate the presence of a considerable 
amount of organic matter in a water which is wholly free from 
it. All that can be inferred from the loss on ignition is that, 
when it is large, the water is probably contaminated with 
aaumal or vegetable organic matter, or has been pxeviously in 
contact with decaying animal matters. 

in. DetermincOim of amount of Oxygen neoeasary to Oxidise the 
Orgamie MaUer .—^The unceitainty which surrounds the deter¬ 
mination of the organic and other volatile matter by the igni¬ 
tion of the dried water-residue, has led to attempts being made 
to estimate indirectly, by means of potassic permanganate, the 
amount of organic matter present in the water before evapora¬ 
tion. Potassic permanganate, when dissolved in water, readily 
yields oxygen to many substances capable of combining with 
this element; thus if it be added to water addulated with 
stdphuric add, and containing oxalic add in solution, the latter 
is completely and rapidly converted into carbonie anhydride 
and water, at the expense of oxygen derived from th^perman- 
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ganate; and it is found that eight parts hj weight of oxalic 
add, in being thus oxidised, abstract almost exactly one part by 
weight of oxygen from the permanganate, the latter being 
converted into manganic sulphate. In undergoing this chemical 
change the rich violet colour of the solution of potassic perman¬ 
ganate, vanishes, and it is thus easy to ascertain, by the non¬ 
disappearance of the characteristic tint of the permanganate, 
when the oxidation of the oxalic acid is complete. Now, a 
shnilar disappearance of colour occurs when the solution of 
potassic permanganate is added to an addulated sample of 
potable water containing organic matter, and it has been 
assumed that, as in the case of the oxalic acid, the organic 
matter contained in the water is completely oxidised by tlie 
pamanganate, which is thus ihought to indicate the amount 
of oxygen required for this purpose. Dr. Letheby has even 
employed this reaction for the estimation of the dctml weight of 
organic matter contained in a known volume of water, on the 
assumption that every eight grains of organic matter contained 
in a sample of water, rob the permanganate solution of one grain 
of oxygen. Such a method of asceriainiug the actual amount 
of organic matter in a water, or even the amount of oxygen 
required to convert this organic matter into its final products 
of oxidation, would be invaluable on account of the extreme 
fecility with which it can be applied; but, unfortunately, the 
further study of this process reveals its utter irntrust- 
worthiness. 

By the addition of known weights of different organic sub¬ 
stances to equal volumes of pure distilled water, the latter was 
artificially contaminated with a known proportion of each land 
of organic matter. Every sample of water so coiitaminatod 
was made to contain three parts of oi’ganic matter in 100,000. 
The amount of oxygen which this organic matter abstracted 
from the potassic permanganate was first carefully ascertained^ 
and then the actual amount of organic matter present in the 
water was c^dculated, on the assumption that eight parts by 
weight of organic matter consumed one part by weight of 
oxygen from the permanganate. The same test was also 
applied to another sample of distilled water, from which all 
organic matter was carefully excluded, but to each 100,000 
parts of which, three parts of sodio nitrite were added. The 
importaaoc^ of the last experiment will be evident when it is 
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remembered bow frequently nitrites are present in potable 
waters. Tbe amount of oxygen consumed was determined for 
two different periods of time, viz.:—First, for a period, at the 
end of whicb the acidulated and contaminated water remained 
tinted with permanganate for ten minutes after the addition of 
the latter; and secondly, for a period of six hours, during the 
whole of which time the permanganate was present in excess. 
The results are contained in the following table, where they 
are compared with the known amount of organic matter pre¬ 
sent, and the known amount of oxygen, which that organic 
matter would require for its complete oxidation:— 


1 

Name of Substance, 

8 parts of irhicb were 
contained in 100,000 
parts of water. 

Oxygen absorbed in 10 
minutes. (Experiment.) 

Oxygen absorbed in 6 
hours. (Experiment) 

Oxygen required to ox* 
idize organic matter, 
(Calculated.) 

Amount of organic mat¬ 
ter present. (Calculated 
from Column No. 2.) 

Amount of organic mat¬ 
ter present, (Calculated o 
from Column No. 8.) 

Amount of organic mat- 
ter actually present. 

Gum arable..... 

•0102 

•0850 

3-56 

•082 

•280 

8*0 

Cane sugar. 

•0064 

•0162 

8-87 

•061 

-111 

3 0 

Starch.. 

'0148 

•0802 

8*56 

•114 

•241 


OelaUn .. 

•07»3 

■1888 

6-76 

•634 

1-469 

3 0 

Creatin . 

•0080 

•0172 

6-69 

•064 

•138 

3 0 

Alcohol . 1 

•0093 

•0164 

6 26 

•074 

•181 

3 0 

Urea. 

•0092 

•0119 

6 40 

•074 

095 

3*0 

Hippnnc add. 

•0328 

•0600 

6*90 

•262 

•480 


Oxalic acid (eiystallised) 

•8747 

•3780 

•88 

2-998 

8 000 

8*0 

Sodie nitrite.. 

•6910 

•6918 

0*00 

i 

6-681 

6-680 

IBBil 


From this table, it is seen that, of the nine kinds of organic 
matter operated upon, only one was completely oxidized by 
potassic permanganate, even after the lapse of six hours; 
whilst it will be remarked that urea, hippurio acid, and crea- 
tin—^three organic substances likely to be present in water 
recently contaminated with sewage—suffer an oxidation which, 
even in the most favourable case, only reaches ^^j^th of com¬ 
plete oxidation; whilst if the attempt he made to calculate the 
amount of these substances present in the water, ftom the 
quantity of oxygen so absorbed, instead of finding three parts 
of each in 100^000 of water, we obtain only *188 part of oreatin, 
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'095 part of tirea, and *480 part of hippurio acid. On tlio otter 
hand, the mineral salt, sodic nitrite, weight for weight, sur¬ 
passes every* form of organic matter experimented upon in the 
avidity with which it absorbs oxygen; and three parts of this 
inorganic s'ulistance in 100,000 of water would actually, by tlio 
mode of calculation above described, indicate no loss than 

parts of organic matter. Thus it is evident, that for the 
estimation of the amount of organic matter in water, or the 
quantity of oxygen necessary to oxidise that organic matter, 
permanganate of potadi is utterly mitrustworthy. The fallacy 
of the permanganate test has often been suspected, but it was 
imagined that, although not to be relied on for quantitative esti¬ 
mations, yet its rapid decoloration afforded positive evidence of 
the presence of organic matter in actual putrescence, and con¬ 
sequently in its most dangerous condition. We fear, however, 
that, even for this subsidiary purpose, the permanganate is not 
sufficiently trustworthy. Fresh urine contains no organic matter 
in a state of putrescence, but, even when largely diluted, it 
decolorises the permanganate with almost the same rai)idily 
as potassio nitrite. With aU these defects, however, tliis re- 
agent may still be used in certain oases as a qualitative test 
where there is no opportunity for accurate analytical examina¬ 
tion. Thus, if a clear and colourless water, decolorises much 
of the permanganate solution, the water ought to bo rojooted 
for domestic use as being of doubtful quality; for altiiough 
such a water may be absolutely free from nitrogon()us organio, 
impurity, yet its decolorising action upon the permanganate 
would indicate with considerable certainty thai it had been i5 
contact with decaying aninal matters. Should the water, how¬ 
ever, instead of being colourless, he tinged of a yellow or 
brownish yellow colour, when viewed through a cousidorablc 
stratum, as in a quart decanter, for instance, its capability of 
decolorising a considerable amount of pennaiiganate solution 
ought not to be regarded with the same suspicion as a similar 
reaction with+a colourless water, because the yellow tint of 
such waters is generally owing to the presence of peaty matter, 
which, though hmocuous, the power of decolorising potassio 
permanganate. 

The depth of colour which a sample of water exhibits when 
viewed throtigh a stratum some two feet in thickness, has also 
been regarded as an indication of the amount of organic matter 
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contained therein- It appears to he so regarded for instance by 
Dr- Letheby, who thus speaks of the nse of this test:—“The 
oxidizable organic matter is determined by a standard solu¬ 
tion of perman^nate of potash—^the available oxygen of whidA 
is to the organic matter as 1 is to 8; and the resnlts are con¬ 
trolled by the examination of the colour of the water when seen 
through a glass tube two feet in length, and two inches in 
diameter.^’* 

The tinctorial power of many colouring matters is so great 
as to render them distinctly appreciable to the eye when their 
amount is far too minute to be detected gravimetrically; thus 
a litre of water distinctly tinted with ink or magenta, contains 
an amount of either of these colouiing matters too small to be 
appreciated by the most delicate balance. The yellowish or 
brownish colour of water appears also to be of this character, 
for it may be removed completely by agitation with aluminio 
hydrate, and yet a considerable amount of organic matter is 
still left in the water. Thus a sample of water which had been 
so treated, and which exhibited the blue-green tint of distilled 
water when viewed through a thick stratum, still contained 
•160 part of organic carbon in 100,000 parts. It is, therefore, 
evident that no;reliance can be placed upon colour as an indi¬ 
cation of the amount of organic matter in waters, for although 
a dark-tinted water probably contains a considerable amount of 
organic matter, it by no means follows that a colomless water 
nay not contain even a larger proportion. Thus a sample of 
peaty water, possessing a decided brown tinge, contained but 
256 part of organic carbon in 100,000 parts, whilst a sample of 
water from North Wales, which had been in contact wi^ the 
fine mud of the stamping-engines of mines, was perfectly 
colourless, although it contained no less than *544 part of 
organic carbon in 100,000 parts. 

IV. JSstinmtion of Nitrous and Nitric Acids .—^The best process 
hitherto employed for this estimation is that proposed by the 
late Dr. Pugh. It depends upon the conversion of stannous 
chloride into stannic chloride in the presence of free nitric acid, 
whilst the latter is transformed into ammonia. The application 
of this process to water analysis has been described by Miller.f 

* Dr. Letheby’s reports, on the Metropolitan 'Vfaters, to t]|e Associafion of 
Medical Officers of Health. 

t Journ. Ohem. Soc., vol, xviii, p. 117- 
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K nitrites be also present, they may be converted into nitrates 
by the cautions addition of potassio permanganate to the water 
previonsly slightly acidified. The process is easy of execution, 
and extremely delicate; but unfortunately, as Messrs. Chapman 
and Schenk have shown, stannous chloride is converted into 
stannic chloride by many organic substances containing oxygen, 
such as starch, sugar, &c. The following experiments prove 
that this effect of starch and sugar takes place to sudhi an extent 
as to render the process entirely untrustworthy. 

1. TOO grm. si^ch was digested for 20 minutes in a sealed 
tube with 3 c.o. of stannous chloride solution, at a temperature 
of 170® 0. Before digestion 3 c.c. of the same solution of stan¬ 
nous chloride required 17*85 ac. of a standard solution of 
dipotassic diohromate to oxidize it. After digestion it required 
only 14T c.c. The oxidLring action of the starch was equiva¬ 
lent to that of *00375 grm. of NgOg. 

IL *100 grm. sugar, similarly treated at 150® C-, oxidized an 
amount of stannous chloiide equivalent to 7*0 c.o. of the standard 
solution of dipotassic diohromate, corresponding to *007 grm. of 

NA- 

ni. *100 grm, starch, similarly treated at 150® 0., oxidized an 
amount of stannous chloride equivalent to 4*2 c.o. of the standard 
dipotassic diohromate solution, corresponding to *0042 gnn. of 

IV. *100 gnn. starch, digested at 120® C., oxidized an amount 
of staimous chloride equivalent to 2*5 c.c. of the standard di- 
potassio diohromate solution, corresponding to *0025 grm. of 

NA* 

V. The last experiment repeated, with *1 grm. of sugar 
iostead of starch, at 120® 0., gave results con’esponding to 
•0058 grm. of ITjOg. 

Experiments IT, HI, IV, and V, were made in order to ascer¬ 
tain whether the oxidizing action of sugar and starch could not 
be prevented by operating at lower temperatures, but they 
show that these substances still oxidize very powerfolly, even 
at a tmnperature bdow the minimum required, according to 
Pugh, for the performance of his reaction. 

V* EstiwuititOfi of Ajtwrnoniom —^The determination of ammonia 
in potable waters is usually made by rendering the water 
alkaline either by baric hydrate or sodic carbonate, and then 
disiffiing off about one-fourth of its volume. In the distillate, 
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the ammonia is then estimated either by neutralisation with a 
standard solution of dilute acid, or by Hadow’s modification of 
Nessler’s reaction. In its application to waters recently con¬ 
taminated with sewage, this process is liable to considerable 
inaccuracy, owing to the gradual production of ammonia when 
an alkaline solution of urea is boiled. Thus the ammonia found 
exceeds that originally contained in the water. This error has 
already been pointed out by Mr, Chapman, who recommends 
that the ammonia determination should be made by the appli¬ 
cation of Nessler’s solution directly to the water. We find, 
however, that the yellowish colour of many potable waters 
presents a formidable obstacle to success, unless the water be 
first decolorised as we recommend below; besides, waters con¬ 
taining chalk in solution become tuibid on the addition of the 
Nessler test, and any turbidity is utterly fatal to accuracy in 
this determination. 

Having thus pointed out the inaccuracies which attach 
themselves to the usual determinations in a water analysis, 
we will now describe the processes which we propose as substi¬ 
tutes for, or modifications of, those which have been hitherto 
employed. They may be thus enumerated:— h 

1. Estimation of total solid constituents. 

2. Estimation of the carbon and nitrogen contained in the 
organic portion of the solid constituents (organic carbon and 
nitrogen). 

3. Estimation of nitrogen in the form of nitrates and nitrites. 

4. Estimation of ammonia. 

1. Eiitimation of total Solid Constituents .—^Half a litre of water 
is evaporated to dryness as rapidly as possible in a weighed 
platinum capsule on a steam- or water-bath; after drying the 
residue at 100® C., the capsule is again weighed. We have 
already given our reasons for the non-addition of sodic carbonate 
to the water before evaporation, and also for drying the residue 
at 100® instead of 120®—130® C. As we propose to abolish al¬ 
together the fallacious estimation of “loss on ignition,” the 
retention of the elements of water in this residue is of no 
moment; they always exist there in the solid condition, and are 
hence quite legitimately included amongst the soHd consti¬ 
tuents. 

2. JEhiimation of Organic Carhon and Nitrogen ,—No process has 
yet been devised by which the amount of organic matter in 
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water can be even approximately estimated, but we have now 
to describe a method by which the two most important elements 
—carbon and nitrogen—can be determined with considerable 
accuracy. 

The estimation of the organic carbon in a water containing 
both carbonates and carbonic anhydride in solution is, as might 
be anticipated, an operation of more than ordinary difficulty. 
It is obviously necessary, in the first place, to expel both com¬ 
bined and dissolved carbonic anhydride, and this must be done 
in such a manner as to prevent the organic matter from being 
subject to the oxidising action which would necessarily result 
from the liberation of nitric and nitrous acids, which are pro¬ 
bably never entirely absent from potable waters* We en¬ 
deavoured to effect this by the addition of boric acid to tho 
water during evaporation. Bloxam has shown* that for the 
expulsion of one molecule of carbonic anhydride from alkaline 
carbonates, six molecules of boric acid are necessary. Approxi¬ 
mately this appears to be true also of the carbonates of the 
alkaline earths; nevertheless after the addition of six molecules 
of boric acid to each molecule of combined carbonic anhydride, 
we still found an amount of carbonate ia the residue, whioli, 
though small, was sufficient seriously to vitiate the result of 
the subsequent determination of organic carbon. After many 
abortive attempts to overcome this difficulty, we found in sul¬ 
phurous acid a re-agent, which not only completely expels 
carbonic anhydride from the water but also permits of tlio 
simultaneous determination of organic nitrogen with groat 
accuracy, by completely removing, dimng evaporation, every 
trace of the nitrogen existing in the form of nifrates and 
nitrites, and thus leaving in the dry residue the organic nitrogen 
associated only with one remaining nitrogenous body, viss., 
ammonia. For the successful application of sulphm*ous acid to 
this purpose, it is not sufficient to add an excess of this acid to 
the potable water and then evaporate to dryness, since nnder 
ih^e circimistanceB traces of carbonates are always found in tlie 
residue. It is, in fact, necessary after the addition of excess of 
sulphurous add, to boil the water for two minutes in order to 
insure the complete expulsion of carbonic anhydride before 
evaporation on the steam-bath begins. If this precaution be 


* Jotmou Ohem. Soo., rol adi, p. 177. 
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observed, numerous experiments have shown that no trace of 
carbonic anhydride is evolved on adding hydrochloric acid to the 
diy residue. By availing ourselves of that admirable instru¬ 
ment the Sprengol-pump, we are able to combine in one opera¬ 
tion the determination of carbon and nitrogen in a water-residue, 
by an analytical process of such simplicity and extreme delicacy, 
that we believe it will be foimd generally usefiil in the analysis 
of all organic compotmds contaiaing nitmgen, which are not 
volatile at ordinary temperatures. By this process *000001 grm. 
of nitrogen and *0000005 grm. of carbon are distinctly measur¬ 
able quantities. 

The following is the mode of conducting this operation:— 
As soon as possible after the collection of the sample of water, 

2 litres are poured into a convenient stoppered bottle, and 60 c.c. 
of a recently prepared saturated solution of sulphurous acid are 
added. Should the water contain oxidizable or putresoible 
organic matter, this addition of sulphm’ous add promptly arrests 
any further change, and the remaining operations may now be 
conducted at leisure. One-half of this sulphuDcized water is now 
boiled for two or three minutes,* and unless it contained a con¬ 
siderable amount of carbonates, *2 grm. of sodic sulphite is to 
be added during the boiling, so as to secure the saturation of 
the sulphuric acid formed during the subsequent evaporation. 
To secure the expulsion of the nitrogen existing as nitrates, it is 
also desirable to add a couple of drops of solution of ferrous or 
ferric cbloiide. The boiled water is then evaporated to dryness 
in a hemispherical glass capsule, of about 100 c.c. capadty, upon 
a steam- or water-bath, care being taken to keep the capsule 
weU covered with a disc of filter paper stretched over a light 
cane hoop, and also to preserve the atmosphere of the room in 
which the operation is performed as free from ammonia as pos¬ 
sible. If the first-mentioned precaution be neglected, the ac¬ 
cess of floating particles of dust during the evaporation will 
introduce a considerable error into both carbon and nitrogen 
determinations. At one period of our investigations we feared 
that it would be necessary to perform the evaporation in vacuo, 
hut we prove below that this would be an unnecessary precau¬ 
tion, for if the evaporation he conducted under paper, the 

* In opemtiiig vith waters siiongly contaniuiaied with sewage, it is desirable 
that the in which this operation xs performed ^ould be famidbed with an in¬ 
verted Liebxg*s condenser, in order to prevent the loss of volatile organic eon. 
stiinenis and ammonia. With all ordinary waters this precantion is nxmeceBsaqr 
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amount of nitrogen introduced by atmospheric dust and am- 
znonia (and this in the worst of all possible localities, the middle 
of London) only amounts to a maximum of •00002 grm. per 
Ktre of water evaporated: consequently when tins is deducted 
from the amount of nitrogen actually obtained by combustion tlie 
residual error is almost a vanishing quantity. The process of 
evaporation under a paper cover fitting tightly upon tlie edge 
of a glass dish without a is in fixet one of diffiisioai, in wliich 
the atmospheric air, constantly being exchanged for aqueous 
vapour, is filtered through a porous diaphragm. 

The evaporation being completed, and the glass capsule 
placed upon a sheet of glazed paper, a few grammes of powdered 
plumbic chromate are to be introduced, and gently triturated 
with the dry residue means of an agate or glass pestle. 
When the mixture has been made as perfect as possible, the 
contents of the capsule are to be transfeirred to a combustion 
tube, about 16 inches long and sealed at one end, tlie capsule 
is then rinsed two or three times with fresh quantities of 
dbromate, which are also transferred to the combustion tubo. 
The latter is then charged, in the usual manner, with granu¬ 
lated cupric oxide, and about 3 inches of bright copper turn¬ 
ings. The open end must now be drawn out before tho blow- 
pipes as shown in figure I, and the tube being laid in a 
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tubing, care being taken that the extremities of the two glass 
tubes touch each other, or nearly so, within the caoutchouc 
connector. The latter being then plunged beneath water in 
the vessel A, and the fdmace around the jfront part of the oom- 
bustion-tube lighted, the pump is to be worked until the tube is 
exhausted as completely as possible, an operation which reqtdres 
from five to ten minutes.* The flow of mercury is then stopped. 

The recurved delivery end of the pump, 6, dips into a mer¬ 
curial trough, C, and an inverted tube, d, filled with mercury is 
placed over it in a convenient position for receiving the gaseous 
products of the ignition. The combustion must now be con¬ 
ducted in the usual manner, care being taken that, when the 
organic matter begins to bum, the operation proceeds very 
slowly until the vacuum becomes considerably impaired; other¬ 
wise traces of carbonic oxide may be produced. A combustion 
usually lasts from three-quarters of an hour to an hour; at its 
conclusion, unless the water-residue contained much organic 
matter, no gas will have passed into the inverted tube. The 
pump is again set to work, and in from five to ten minutes the 
whole of the gases will be transferred into the vessel placed for 
their reception. Unless the heat of the fomace be excessive, the 
4|jDpabustion-tube will rarely coHapse; but if it should do so, the 
metallio copper and granulated cupric oxide support the glass 
and prevent any obstruction to the passage of tiie gases. In 
many scores of combustions made by this process, no single 
instance of vitiated result has occurred from this cause. Tho 
gases collected consist of carbonic anhydride, nitric oxide, 
and nitrogen. The separation and determination of these, by 
well-known methods, is exceedingly simple, and in a manometrio 
gas apparatus, such as that described by one of us,t is the work 
of a few minutes only. 

* As it is obTioosly necessaiy ttat the lealcage of atmoi^eric air into &e pioap 
shoiild be rendered impossible, the oaonichouc pincdi-eoch^ at B, shonld be enclosed 
in a -vide piece of Toleanized inbe, the annular i^ace betireen the two tubes being 
fiUed with glycerine. The elamp is placed outside both tabes. The wide piece of 
tnbe is fmfeaed upon the glass tube below the pinch-cock, by the aid of an india- 
mbber cork, whilst it terminates considerably above the joint; the Interior oaont- 
chone-joint is^ therefore, entirely immersed in glycerin, and aU possibility of leakage 
of air entire!^ prevented. We find, in &et, that by this arrangement the vacuum is 
still perfect after the lapse of several days. The calibre of the pump-tabej, which we 
prefer, is one millimetre, and it is advisable to allow the mercury to flow very slowly 
unto ^e exhaustion is nearly complete, when a rapid stream is necessary to eapeL 
the remaining traces of air or gas. , 

t Jouxn. Ohem. Soc., vol. vi, p. IflV. 



m^JSfKLAND AND AEMSTRONG 


A fiimpKfied form of this appjfatTis, designed especially for 
■the examination of all gaseous mixtm-es incident to water 
analysis, is described in the memoir immediately following the 
pre&en'fc, where "the method of analysing ■these mixtures is also 
given. The weights of carbon and nitrogen contained in ■the 
carbonic anhydride, nitric oxide, and nitrogen gases, having 
been deduced from the respective volumes of these gases, the 
muubers so obtained are expressed in parts of these elements con¬ 
tained in 100,000 parts of ■the water. The nitrogen thus found 
may have been present in the water, first as a constituent of 
organic matter (organic nitrogen), and secondly as a constituent 
of ammonia. The latter, if present, is determined in the original 
water by Nessler’s test, as described below, and the nitrogen 
existing in this form being deducted from that obtained on 
combustion, gives the amount, if any, of organic nitrogen 
present. 

It is obvious that the accuracy of this method of combustion 
wiQ depend in a great measure upon the perfection of the 
vacuum obtained by the Sprengel pump. In order to ascertain 
■the error due to this cause, ■the foUo'wing experiments were 
made:— 

1. *01 grm. sugar was bmmt in the same way as a water 
residue. After absorption of carhonic anhydride, there remained 
•019 ac. of nitrogen at 0^ C., and 760 Tnjn. pressure. 

n. *01 gxm. sugar similarly treated gave •013 c.o. of nitrogen 
at CP On and 760 mm, pressure. 

J£ these numbers be referred ■!» the residue of one litre of 
water (the quantity usually operated upon) the excess of 
nitrogen due to the imperfection of the Sprengel vacuum 
would be— 

1. *0024 part of nitrogen in 100,000 parts of water. 

n. *0016 part of nitrogen in 100,000 parts of water. 

It wfll be seen that this error, which includes also any 
mteogen retained or occluded in the cupric oxide, &c., is very 
insig nifica nt i nevertheless it would be necessary to allow for 
it, if it were not included in ano'ther correction, which consists 
in evaporating a litre of distilled water,* acidified as usual 

disfciUod water diould be previoudy purified by boiKng, for 24 boiirs, with 
dkdfae potessie pexixuuwiate. It dioold them be distilled, the fiist portions of 
the dislillate being rejected so long ss they riiow any reaction with Nessler’s test. 
Rmalfy, this distillate dxonld be slightly aridified with sulphuric acid and rectified. 
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with 15 C.C. of sulphurous acid, and containing about •! grm. of 
recently ignited sodio chloride. The residue from this water 
must now be burnt in vacuo in the usual manner, and the 
carbon and nitrogen deducted firom the amount of these 
elements obtained from the residues of other waters submitted 
to analysis. 

It is advisable that each analyst should perform several 
blank operations of this kind, so as to be able accurately to 
correct for the combined errors of his own manipulation and 
apparatxis. In om- own case we find these errors on the average 
of four blank analyses to amount to— 

Carbon *00032 grm. in 1 litre of water. 

Nitrogen ‘000045 grm. in 1 litre of water. 

It is scarcely necessary to add that, to insure a minimum in 
these errors, it is of the utmost importance, carefully to guard 
against every access of organic matter, and especially of nitro¬ 
genous compounds, to the water and the substances used in 
the analysis. Cupric oxide prepared from the nitrate should 
on no account be used, since, even after being actually fused, it 
evolvjp considerable quantities both of carbonic anhydride and 
ndtrogen when ignited in vacuo. The oxide must be made by 
igniting sheet copper in a current of air, in a muffle or other 
convenient apparatus This oxide, in a coarsdy granular or 
^ scaly condition, should be at once transferred to a stoppered 
bottle, over the neck of which a small beaker is inverted to 
protect it from dust. The fused plumbic chromate should be 
heated to redness with frequent stirring for a couple of hours» 
and then carefully transferred to another bottle similarly pro¬ 
tected. As these substances do not require to be either dried or 
ignited again before use, they should be transferred as required, 
from their respective bottles, direct to the capsules or com¬ 
bustion tubes, and any portion of them once removed from the 
bottle should on no account be returned there without being 
first ignited for two hours. 

The extent to which this method can be depended upon for 
the determination of the minute amounts of carbon and nitrogen 
contained in a water residue was tested by the following experi¬ 
ments:— 

1. -0352 grm. sugar was dissolved in one litre of distilled 
water, together with about *5 grm. of sodic carbonate^ previously 

VOL. XXL H 
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coaverted into sulpliite, 15 c,c of a saturated solution of sul- 
pliiirous add were then added, and the liquid boiled for threo 
minutes. The I’esidue left after evaporation to dryness on the 
steam-bath gave, on combustion, an amount of carbonic anhy¬ 
dride corresponding to *01463 grm. carbon. 

n. *0347 grm. sugar similarly treated gave *01386 grm. 
carbon. 

in, -0114 grm. sugar similarly treated gave *00440 gini. 
carbon. 

IV. *0122 grm. sugar similarly treated gave *00530 grm. 
carbon. 

V. *0116 grm. sugar *0094 grm. ammonic chloride, and ’8 gnu. 
sodio carbonate (previously converted into sulphite) treated in 
like manner, gave *004344 grm. carbon, and *0025415 grm. 
nitrogen. 

VI. *010 grm. urea, and *8 grm. sodic carbonate similarly 
treated gave -0017704 grm. carbon, and -00463 grm. nitrogen. 

Vn. *01025 grm. urea and *8 grm. sodic carbonate treated as 
before gave *00211 grm. carbon, and *00357 grm. nitrogen. 

Vlil. *0104 gnu. urea and -8 grm. sodic carbonate similarly 
treated gave *0023865 grm. carbon, and *004675 grm. nitrogen. 

IX. *0202 grm. urea, and one litre of solution of dihydric 
calcic dicarbonate boiled "mth 15 c.c. of sulphurous acid solu¬ 
tion, and evaporated gave -00452 grm. carbon and -00887 grm. 
nitrogen. 

X. *025 gnn. hippurio acid and *5 grm. sodio carbonate (con¬ 
verted into sulphite) dissolved in one litre of water,.boiled 
with 10 C.O. of sulphurous add solution, and evaporated to 
dryness gave "01386 gmu carbon, and *00203 grm. nitrogen. 

Expressed in parts per 100,000 of water evaporated, the 
following are the restJts of these experiments:— 




Calculated. 

Found. 

No. I. 

Organic carbon . 

- 1-482 

1-463 

No.IL 


. 1-460 

1-386 

No.in. 


..-480 

-440 

-530 

No. IV. 


- -514 

No.V. 

J »> • 

_ -484 

-434 

\Nitrogen. 

_ -246 

-254 

No.YL 

r Organic oaxbon . 
L „ mfrogen 

. -200 

.... *466 

-177 
‘ -463 
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Calculated. 

Found. 

No. vn. - 

r Organic 

carbon ...... 

nitrogen .... 

•205 

•478 

•211 

•357 

No. vni.. 

r „ 

carbon . 

•208 

•239 

u w 

nitrogen .... 

•484 

•468 

No. IX. -j 

r « 

carbon ...... 

•404 

•452 

L » 

nitrogen .... 

•942 

•887 

No. X. -j 


carbon . 

1-508 

1-386 


nitrogen .... 

•195 

•203 


When it is considered that these results were obtained from 
very minnte amounts of the respective organic matters, which 
were first dissolved in a large quantity of water, and then re¬ 
covered by evaporation, and, farther, that some of the organic 
substances experimented upon are exceedingly prone to change, 
the correspondence of the experimental with the calculated 
numbers is as close as could be anticipated. The following 
results, obtained •with actual waters, also tend to inspire confi¬ 
dence in this method of analysis:— 

XL Two litres of the same sample of water were succes¬ 
sively analysed five days apart. They gave the following 
amounts of organic carbon and nitrogen in 100,000 parts;— 

No. I. No. IL 

Organic carbon ... 1-030 1-010 

Organic nitrogen .. *198 -207 


XII. Three imxtiures of sewage and distilled water were 
made in such proportions that 1 litre contained respectively 
100 C.C-, 10 C.O., and 1 c.c. of sewage. Some solution of dihydric 
calcic dicarbonate was added to the second and third to form a 
tangible residue. They were then treated with sulphurous 
acid in the manner above described, and evaporated to dryness. 
Their residues gave, on combustion, the following results pear 
100,000 parts of water evaporated:— 


100 C.C. sewage. 
900 c c. water. 


Organic carbon in ] 

100,000 parts of^ -302 

the mixture .... J 
Organic nitrogen’1 
and nitrogen of > *330 

ammonia. J 


10 C.C. sewage. 1 c.c. sewage. 
990 C.C. water. 999 e.Ck water. 


•033 -005 


•033 -004 
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It has been already stated that the nitrogen obtained on the 
combustion of a water-residue is made up of the organic 
nitrogen plus the nitrogen of any ammonia that may have 
been contained in the water, but that*it includes no trace of the 
nitrogen which may have been present in the form of nitrates 
and nitrites, the latter having been completely destroyed during 
the evaporation with excess of sulphurous acid. Such an ex¬ 
pulsion of the nitrogen of nitrates and nitrites is a remarkable 
reaction, and could scarcely have been predicted; indeed, it 
takes place to a very partial extent only when a nitrate is dis¬ 
solved in water, and evaporated with excess of sulphurous acid, 
in imitation of a natural water; ndther is the result very dif¬ 
ferent when sodic chloride or calcic or magnesic carbonate is 
added. Thus the residue from half a litre of distilled water, to 
which had been added *05 gnu. potassic nitrate (= *007 grm. 
nitrogen), -0001 grm. ammonia, T gim. sodic chloride, and 
15 cc. of a saturated solution of sulphm*ous acid, yielded 
•00161 grm. nitrogen. 

One litre of distilled water, containing T grm. sodic chloride, 
•1 grm. potassic nitrate (=s -014 grm. nitrogen), one drop of a 
strong solution of soluble glass, and 15 o.o. of a saturated solu¬ 
tion of sulphurous add, treated like a natural water, yielded, on 
combustion, -00222 grm. nitrogen. 

One litre of distilled water, containing T grm. sodic chloride, 
•1 grm. potassic nitrate, andr 15 c.c. sulphurous acid solution, 
similarly treated, gave *00259 grm. nitrogen. 

The presence of a minute amount of iron, or of a phosphate, 
reduces to zero the amount of nitrogen retained from nitrates. 
Thus 1 litre of distilled water, -1 grm, sodic chloride, *1 grm. 
potassic nitrate (= *014 grm. N.), 2 drops of a moderately con¬ 
centrated solution of hydrio sodic phosphate, and 15 c.o. of 
sulphurous add solution, gave no nitrogen on combustion of 
the solid residue. 

Half a litre of distilled water, containing *1 grm. potassic 
nitrate, and 2 drops of a solution of ferric chloride, evaporated 
with 10 c.a of sodic sulphite solution and 15 c.c. of a satm*ated 
bolntion of sulphurous acid, gave no nitrogen on combustion. 

One litre of distilled water containing *1 grm, sodio chloride, 
•1 grm. potassic nitrate, 1 drop of solution of ferric chloride, 
and 15 c.c. of snlphurons acid solution, gave no trace of nitrogen 
on emnbustion, and the same result was obtained in a duplicate 
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experiment. Three drops of a solution of ferric chloride also 
removed all traces of nitrates from half a litre of a natural 
water when evaporated in vacuo, although the water contained 
no less than 9*466 parts of nitrogen as nitrates and nitrites in 
100,000 parts. 

The nitrogen was also completely expelled during the evapo¬ 
ration of an artificial water, to which the following ingredients 
were added:—-01 grm. magnesia, *1 grm. caldo carbonate, 
•1 grm. sodic chloride, *01 grm. potassic chloride, 1 drop of 
solution of soluble glass, 1 drop of solution of ferric chloride, 
2 drops of solution of hydrio sodic phosphate, T grm. potassic 
nitrate, and 15 o.c. of sulphurous add solution. 

There is probably no natural water containing an appredaUe 
quantity of nitrates or nitrites which does not also contain 
either iron or phosphoric add; nevertheless, it is advisable to 
add one or two drops of ferrous or ferric chloride to the portion 
of water which is evaporated for combustion, in order to place 
beyond the possibility of doubt tiie complete expulsion of the 
ni^ogen of nitrates and mtrites. 

Since we began to use this process for the estimation of 
organic carbon and nitrogen in waters, Messrs. Wanklyn, 
Chapman, and Smith have proposed a new method for the 
determination of the latter element in potable waters. Their 
process is founded upon a highly remarkable change which 
albumin and some oflier organic substances undergo during 
prolonged ebullition with an alkaline solution of potassic per¬ 
manganate, by which their nitrogen is converted into ammonia. 
Unfortunately, however*, this conversion is never complete; 
neither is there any guarantee that all the different forms of 
nitrogenous organic substances in water will thus yield up their 
nitrogen in the form of ammonia. That some such substances 
do not thus evolve their nitrogen when submitted to this pro¬ 
cess is evident from the following results, obtained with i^ee 
bodies taken at random from a collection of chemicals;— 

I, *01 grm. strychnine, dissolved in 1 litre of distilled water 
(not previously purified), and distilled nearly to dryness with 
caustic potash and potassic permanganate^ gave *00032 grm. 
ammonia. 

n. *02 grm. narcotine, similarly treated, gave *000812 gun. 
ammonia. 

III. *02 grm. quiniue sulphate gave *000728 grm. ammonia. 
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The following comparison of the amounts of ammonia actually 
obtained, with those which ought to be yielded by the weights 
of the respective substances operated upon, shows that in each 
case a large proportion of nitrogen was not evolved as am¬ 


monia;— 

Ammonia evolTcd. 
Calculated. Found. 

Strychnine. *00101 grm. *00032 gnu. 

Narcotine. *00068 „ *000312 „ 

Quinine sulphate . *00128 „ *000728 „ 


We have also tested the permanganate process by applying 
it to a form of nitrogenous organic matter which is very fre¬ 
quently met with in natural waters, viz., peaty matter. 

Some peat, collected by one of us from Leyland moss at a 
depth of three feet below the surface, and placed immediately 
in a weH-corked glass vessel, was digested at 100® 0. for a 
couple of hours in distilled water, rendered slightly alkaline by 
caustic soda. 100 c-c. of the dark-coloured liquid so obtained 
was made up to one litre with distilled water, and after the 
determination of ammonia by ebullition with sodic carbonate, 
was submitted to the permanganate process so loog as am¬ 
monia was evolved. Another 100 o.c. of the same liquid was 
addified with sulphurous add, boiled for two minutes, then 
evaporated to dryness in vacuo, and the dry residue submitted 
to combustion in vacuo. The following amounts of organic 
nitrogen per 100,000 parts of liquid were obtained:— 

PeimAaganate Process. Oombastion Process. 

*308 1*015 

Another portion of the same liquid was acidified with dilute 
sulphuric acid; the copious brown predpitate which separated 
was collected on a filtei*, and, after being dried at 100® 0., was 
reduced to fine powder. Two separate centigrms. of this pre- 
dpitate were respectively submitted to the permanganate and 
combustion processes. Two equal volumes (100 c.c.) of the 
filtered liquid were also respectively treated by the two pro¬ 
cesses, the portion used for combustion being evaporated under 
paper upon a steam-bath. The ammonia was determined in 
this liquid as usual. The following are the amounts of orgardc 
nitrogen obtained:— 
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Fe nnan gMiitte prooees. Oombnatioii proceaa 

•01 grm. of peat preoipi-'| 

tate yielded of organic }■ *000052 gun. ’©OOllSS gim. N. 
nitrogen . J 

100,000 parts of filtrate' ^ 

from peat precipitate I .go- 

gave of organic mtro- | 
geQ .. 

200 0 . 0 , of aaiot3ier sample of peat solution, treated by the 
two processes, yielded the following amounts of organic nitrogen 
per 100,000 parts of liquid:— 

Permanganate proceas. Combnsiion proeess. 

•422 1-175 


Two separate litres of an artificial water, made by difiEusing 
some peat in distilled water for several days (without the addi¬ 
tion of alkali), and then filtering, were treated by the two pro¬ 
cesses, and yielded the following amounts of organic nitrogen 
per 100,000 parts of water;— 

Permanganate pioceB& Combustloii procesB. 

•022 -076 

The extension of this comparison of the two processes to 
natural waters confirms, in a large majority of cases, the con¬ 
clusion which is forced upon us by the above experiments, viz^ 
that niti’ogenous organic substances do not uniformly yield up 
the whole, or nearly the whole of their nitrogen in the form of 
ammonia when boiled with alkaline potassio pennanganate; 
indeed W anklyn has recently discovered that, even in regard 
to albumen itsel:!^ his first statement in reference to this point 
requires modification, and he now states* “The ‘albuminoid 
ammonia’ is not the total amount of ammonia which the 
albumen is capable of giving, but appears to be two-thirds 
of the total quantiiy, being at any rate a constant firaciion 
of the total quantity.” Neither the above nor the following 
results show, either that two-thirds of the total nitrogen is 
evolved in the shape of ammonia, or that the fraction of the 
total nitrogen evolved in the permanganate process is a ooh- 
stant one. We have tested the two processes side by side 
upon more than 100 different samples of natm-al waters^ aajjd we 

* Joatn. Cbem. See., vol. zx, p. 593. 
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find that as a rule, to which, however, there are some excep¬ 
tions, the permanganate process gives lesults considerably 
below those obtained by combustion, as in the following 


cases:— 


Oiganie nitrogen in 100,000 parte 
of water. 

Organic nitrogen in 100,000 parte 
of water. 

By permanganate By combustion, 

process 

By permmganate By combustion, 

piocess. 

•006 

•010 

•002 

•010 

•006 

•Oil 

•002 

•008 

•006 

•010 

•003 

•008 

•002 

•oil 

•016 

•068 

•016 

•042 

•003 

•006 

•002 

•009 

•001 

•012 

•006 

.022 

•002 

•Oil 

•000 

•007 

•000 

•007 

•018 

•043 

•oil 

•058 

•012 

•027 

•024 

•061 

•006 

•031 

•030 

•062 


In some cases where, as a rule, tiie amount of organic nitrogen 
was very small, the two processes yielded accordant results, as 
in the following cases:— 


Oiigaiiic idtrogen in 100,000 parte 
of rrater. 


Oi^iaiiic nitrogen in 100,000 parte 
of mter. 


By pemanganate 
pioeeaa. 
•001 
■001 
•004 
•010 
•012 
•001 


B, oomlraa&a. 

•001 

•001 

•004 

•009 

•012 

•001 


By penuangaante 
prooeea. 

•004 

•003 

•002 

•003 

•002 

•002 


By eombnstion. 

•004 

•004 

•001 

•004 

•001 

•002 


In a few other cases, however, the amount of organic nitrogen 
obtained by the permanganate process was higher than that 
yielded hy combustion, as for instance:— 


Organic nltrc^ea in 100,000 parte 
a water. 

By pennanganate By combnEtloxL 
procees. 

•010 _ -007 

•009 .... -005 

*005 •«. • *000 


Organic nitrogen in 100,000 parte 
of water. 

By permanganate By coxn'bnstiaii. 
process. 

-004 .... -000 

•002 .... -000 

•003 ... -000 
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These last results are to some extent expleimed by the feet, 
that distilled water purified by boiling with alkaline potassic 
permanganate, for a long time after ammonia has ceased to be 
evolved, always yields ammonia when again treated with alkaline 
potassic permanganate. Thus in four experiments made with" 
such purified water, the following quantities of ammonia per 
100,000 parts of water were obtained:— 

No. L .... *002 part I No. Ill. *002 part 

No.n. .... -001 „ I No. IV. -002 „ 

3. Estimation of Nitrogen in tJiefoi'm of Nitrates and Nitrites, 

This determination can be made with very great accuracy by 
a modification of a process proposed twenty years ago 
Walter Crum, for the refraction of nitre.* It consists in 
agitating with mercury a concentrated solution of the nitrate 
or nitrite, wdth a large excess of concentrated sulphuric add, 
when the whole of the nitrogen is evolved as nitric oxide. We 
find that, for the success of this process, it is absolutely neces¬ 
sary that no chlorides should be present, and also that the 
mixed liquids should be agitated with mercury, so as to 

break up the latter into minute globules. 

The followiag determinations show the accuracy of this pro¬ 
cess :— 

I. *02 grm. of nitre gave 75*48 o.c. nitric oxide at 49 mm. 
mercmial pressure, and 16®-4 C. 

II. *01 grm. of nitre, dissolved in a saturated solution of sodio 
sulphate, gave 76-48 o.c. of nitric oxide at 24-2 mm. mercurial 
pressure, and 17®*8 C. 

of nitrogen. 

Oalealated. Found. 

No. I. -002772 -002897 

No.n-... -001386 -001424 

It was ascertained that uric acid, hippuric add, urea, and 
creatin when agitated with concentrated sulphuric add and 
mercury gave no trace of gas. 

The following is the mode in which this process is applied to 
the estimation of mtrogen existing as nitrates and nitrites in 
potable waters. The solid residue from the half litre of water 

• Pha Mag., XXX, 426. 
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used for detennination No. 1 (estimation of total solid con¬ 
stituents)* is treated with a small quantity of distilled water, 
a very slight excess of argentic sulphate is added to convert 
the chlorides present into sulphates, and the filtered liquid is 
then concentrated by evaporation in a small beaker until it is 
reduced in bulk to two or three cubic centimetres. The liquid 
must now be transferred to a glass tube, Fig. 2, and furnished at 
its upper extremity with a cup and stopcock pre¬ 
viously filled with mercury at tiie mercurial trough, 
the beaker beingrinsed out once or twice with a very 
small volume of recently boiled distilled water, and 
finally with pure and concentrated sulphuric acid 
in somewhat greater volume than that of the con¬ 
centrated solution and rinsings previously intro- 
PjQ 2 d^ced into the tube. By a little dexterity it is easy 
to introduce successively the concentrated liquid, 
rinsings, and sulphuric acid into the tube by means 
of the cup and stopcock, without the admission of 
any trace of air. Should, however, air inadvertently 
gain admittance, it is easily removed by depressing 
the tube in the mercury trough, and then momen¬ 
tarily opening the stopcock. If this be done within 
a minute or two after the introduction of the sul¬ 
phuric acid, no fear need be entertained of the loss of 
nitric oxide, as the evolution of this gas does not 
begin until a minute or so after the violent agitation of the 
contents of the tube. 

The add mixture being thus introduced, the lower extre¬ 
mity of the tube is to bo firmly closed by the thumb, and 
the contents violently agitated by a simultaneous vertical and 
lateral movement, in such a manner that there is always an 
unbroken column of mercury, at least an inch long, between the 
acid liquid and the thumb. From the description, this manipu¬ 
lation may appear diBScult, but in practice it is extremely 
simple, the add liquid never coming in contact vrith the thumb. 
In about a minute from the commencement of the agitation a 

* If the water eoataiQ xdtrReSy a sepazate half litre should be fot this deter- 

msxkaiion, otherwise there is a rh»k of loss of uitrogeu dunng evapooratioxL The 
nitrites in this half litre of water must be transformed into nitrates by the cautious 
addition of potaadc pennanganate to the slightly acidified water before the evapo¬ 
ration is commenced. Immediately i^ter the action of the permanganate the water 
mus^ of oofcose, be again zendezed riightly alhalme. 
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strong pressure begins to be felt against Ibe tinimb of the 
operator, and mercury spurts out in minute streams, as nitric 
oxide gas is evolved. The escape of the metal should be 
gently resisted, so as to maintaia a considerable excess of 
pressure inside the tube, and thus prevent the possibilily of 
air gaining access to the interior during the shatmg. In 
from three to five minutes the reaction is completed, and the 
nitric oxide may then be transferred to a suitable measming 
apparatus, where its volume is to be determined over mercury. 
As half a litre of water is used for the determination, and as 
nitric oxide occupies exactly double the volume of the nitrogen 
which it contains, the volume of nitric oxide read off expresses 
the volume of nitrogen existing as nitrates and nitrites in one 
litre of the water. From the number so obtained, the weight 
of nitrogen in these forms in 100,000 paits of water is easily 
calculated. 

4. Estimation of Ammonicu 

IJnless|[th6 amount of ammonia obtained by distillation alone, 
or with sodio carbonate, be considerable (above *01 part in 100,000 
parts of water), Hado w’s modification of Nessler^s process is 
all that conld be desired for its accurate determination. But if 
a larger propoiiion than this be obtained, the presence of 
urea may be suspected, and it becomes necessary to mate 
the Nessler ammonia determination directly, in the ori¬ 
ginal water, without the inteivention of distillation. For 
this purpose, however, the water should be colourless, and 
free from ealdo and magnesic carbonates. Any tint which is 
appreciable in a stratum 6 or 8 inches thick would obviously 
vitiate the result of a colour-test; whilst if calcic or magnesic 
carbonate be present, the addition of the Nessler solution will 
infeUiblyprodnce turbidity; moreover, we find that the slightest 
opalescence in the water, under these circumstances, is abso¬ 
lutely incompatible with an accurate determination. Both these 
difficulties might be effectually removed by adding to the water, 
first a few drops either of ferric chloride or aluminic chloride 
in solution, and then a few drops of a solution of sodic carbonate 
so as to percipitate ferric hydiate or aluminic hydrate. The pre¬ 
cipitate completely decolorises the water, and no turbidity is 
caused by tbe subsequent addition of the Neasier solution; but 
unfortunately the precipitate carries down with it an amount 
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of ammonia whiclij in the case of the fenio hydrate, sometimes 
amotints to one-third of the total quantity present, Eemem- 
bering the heantifiil blue-green tint—^the natural colom* of 
absolutdly pure water—which is presenced by a reseivoir of 
water that has been softened by Clark’s process, we tried, 
upon peaty water, the effect of precipitating in it calcic carbo¬ 
nate, and found that the decolorisation was as complete as 
could be desiied, and that no appreciable amount of ammonia 
was carried down with the precipitate. The amount of calcic 
carbonate present in a coloured water is rarely sufl&cient to 
enable the operator to carry out this reaction with sufficient 
rapidity and completeness; it is therefore best in aU cases to 
add a few drops of a concentrated solution of calcic chloride, to 
half a litre of the water. The subsequent addition of a slight 
excess of sodic carbonate then produces a copious precipitate 
of calcic carbonate, which should be allowed to subside for half 
an hour before fDltration. 100 o.c. of the fiflltrate is a conYenient 
quanrity to take for the direct Nessler determination of am¬ 
monia. To this volume of the filtrate lc.c. of the Nessler 
solution is added, and the colour observed in the usual manner 
(see Miller on the Analysis of Potable Waters. Jour. Chem. 
Soc., vol. xviii, p. 125). By this direct process the ammonia in 
firesh urine can be readily estimated, for this purpose 5 c.c. of the 
urine should be diluted with 95 o.c. of water free from ammonia. 
We have ascertained that known quantities of ammonia, added 
in the form of ammonic chloride to urine, can he determined 
with great accuracy. 



FIG. 3 



The colour observations of 
the Nessler determination 
are best made in narrow 
glass cylinders of such a dia¬ 
meter that 100 c.o. of the 
water to be tested fonn a 
stratum about seven inches 
deep. The depth of tint is 
best observed by placing 
these <grlmders upon a sheet 
of white paper near a win¬ 
dow, and looking at the mr* 
face of the liquid obliquely; 
thus, Fig. 3. 
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The nitrogen existing as nitrates, nitrites, and ammonia, in 
potable waters, is derived partly from the atmosphere and 
partly from the decomposition of nitrogenous organic matters 
previously existing, either in the water, or in the soil with which 
the water has been in contact. In view of the opinions now 
very generally entertained, with regard to the propagation of 
certain forms of disease by means of spores or germs contained 
in excrementitioTis matters, the seaxch for nitrates, nitrites, and 
ammonia, is second only in importance to that for actual sewage 
contamination; because, although these substances aae in them¬ 
selves innocuous, unless present in excessive quantity, yet, 
when contained in a water in more than a certain propor¬ 
tion, they betray previous contamination by sewage or by 
manured land. The nitrogenous organic matters contained 
in sewage or manure, undergo slow oxidation and conver¬ 
sion into mineral compounds when mixed with water; their 
carbon is converted into carbonic anhydride, and their hydrogen 
hito water. These mineral products can no longer be identffied 
in the aerated waters of a river, spring, or lake, but the nitrogen 
is transformed into ammonia, nifrous add, and nitric add; the 
two latter combine with the bases contained in most waters, 
and, together with the ammonia, constitute a record of the sew¬ 
age, or other analogous contamination from which the water 
has suffered. With certain corrections, mentioned below, the 
determination of the nitrogen contained in these mineral com¬ 
pounds proclaims the previous history of the water as regards 
its contact witli decomposing nitrogenous organic matters. We 
propose to employ this determination for the expression of the 
previous sewage contamination of a water, in terms of average 
filtered London sewage, which, if thus oxidised, would yield a 
like amount of nitrogen in the form of ammonia, nitrites, and 
nitrates. For this purpose average filtered London sewage 
may be assumed to contain 10 parts of combined nitrogen in 
100,000 parts, as deduced from the numerous analyses of 
Hofmann and Witt, and of Way and Odling. 

The number so obtained as the previous sewage contami¬ 
nation of a water requires, however, a correction, since rain 
water itself contains combined nitrogen as ammonia, nitrite of 
ammonia, and nitrate of ammonia. The amount of these sub¬ 
stances present in the rain which falls at Eothampstead has 
been doteiniinod by a series of monthly analyses made iad^ 
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pendexitly, on the one hand, by Messrs. Lawes and Gilbert, 
and on the other by Mr. Way, and extending over two years. 
The results of these chemists give, as the average amount of 
combined nitrogen, *0985 part in 100,000 parts of rain water. 
But as only a very small proportion of the rain water which 
supplies a river falls directly into the stream, and as rain water 
is very rapidly deprived of its ammonia, and to some extent 
also of its nitrites and nitrates, by contact with vegetation, 
this number, as representing the amount of combined nitrogen, 
conveyed into a river from aerial sources must obviously be too 
high; indeed, the experience gained in the examination of jfifty 
samples of water collected near the sonrce of streams, proVfes 
ibis to be the case, for the maximum amount of nitrogen as 
ammonia contained in any of these samples was only *008 part 
in 100,000, whilst the average amount of nitrogen in the form 
of nitrous and nitric acids observed by Messrs. Lawes, Gil¬ 
bert, and Way, and this in thunder rain only, was but *024 
part in 100,000. It may, therefore, he safely assumed that the 
maximum amount of combined nitrogen, derived by natural 
waters from aerial sources, does not exceed *024 4- *008 =: '032 
part in 100,000; and we, therefore, propose to deduct this 
amount from the quantity of nitrogen present in a water in the 
form of ammonia and of nitrites and nitrates, and to employ 
the remainder, if any, for the calculation of the previous sewage 
contamination, on the basis that 10 parts of nitrogen correspond 
to 100,000 parts of such contamination. If we represent the 
nitrogen existing in 100,000 parts of water as nitrates and 
nitrites by N, and the nitrogen present as ammonia in the same 
quantity of water hj N', the previous sewage contamination of 
100,000 parts of the water is denoted by the following expres¬ 
sion:— 

10,000 (N N' - -032). 

Thus a water which contains in 100,000 parts -339 pait of 
nitrogen as nitrates and nitrites, and '001 part of ammonia, 
has a previous sewage coutamiuation of 3,080 parts; that is, 
100,000 parts of the water have been previously contaminated 
with sewage or naanure matter equivalent to 3,080 parts of 
average filtered London sewage. JPretnems must not be con- 
fiaunded with actual or present sewage contamination; the latter 
is caused by unchanged or unoxidized sewage, whilst the former 
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denotes sewage completely resolved, so far as its dead and ■an- 
organised organic constituents are concerned, into perfectly or 
comparatively innocuous mineral compounds. But although 
this change has been effected at the time the sample of water 
was collected for analysis, it by no means follows that it will 
be equally complete under future altered conditions as regards 
temperature, exposure to air or vegetation, and comparative 
volume of pure water. Previous sewage contamination must, 
therefore, to some extent, be regarded as possible actual sewage 
contamination at some future time, at the place where the 
sample wafe taken. There is also another aspect in which the 
previous sewage contamination of a water assumes a high 
degree of importance: if the shell of an egg were broken, and 
its contents beaten up with water and thrown into the Thames 
at Oxford, the albumen would probably be entirely converted 
into miueral compounds before it reached Teddington; but no 
such destruction of the nitrogenous organic matter would ensue 
if the egg were carried down the stream unbroken for the same 
distance ; the egg would even retain its vitality under circum¬ 
stances which would break up and destroy dead or unorganized 
organic matter. Now, excrementitious matters certainly, some¬ 
times, if not always, contain the germs or ova of organized 
beiogs; and as many of these can doubtless retain their 
vitality for a long time in water, it follows that they can resist 
the oxidizing influences which destroy the excrementitious 
matters associated with them. Hence great previous sewage 
contamination in a water means great risk of the presence of 
these germs, which, on account of their sparseness and minute 
size, utterly elude the most delicate determinations of chemical 
analysis* 

These considerations respecting the import of the previo-us 
sewage contamination of a water, lead us to regard, from a 
sardtaiy point of view, "the accurate determination of the 
mtrogen in the form of nitrates, nitrites, and ammonia, as being, 
next to the organic carbon and nitrogen determinations— 
the most important datum in water analysis. 

In illustration of our mode of expressing the results of water 
analyses, the following table is subjoined. The degrees of hard¬ 
ness which we employ express the number of parts of oaldc 
carbonate, or its equivalent of other hardening salts in 100,000 
parts of water; they harmonize better than Clark’s with the 
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decinial arrajigement of the rest of the analytical results, and, 
if it be desired, they are readily converted into Clark’s degrees 
by multiplying by *7. The numbers opposite Thames water are 
the means of analyses of the water delivered by the Chelsea, 
West Middlesex, Southwark, Grand Junction, and Lambeth 
Companies on the 21st of January last. The New Eiver, East 
London, and Kent Companies’ waters were collected about the 
same time. The lake waters were analysed for the Royal 
Commission on Water Supply by Dr. Odling and one of us. 
The results yielded by the Caterham Company’s water are 
interesting, as an example of the great improvement efifeoted 
in a chalk water by the application of Clark’s process. Unfor¬ 
tunately, this last sample was not taken under our supervision, 
and we cannot, therefore, vouch for its authenticity. 
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XII — On a Simple Apparatus for deterrnming the Gases incident 
to Wafer Analysis. 

By E. Pranklani), P.RS. 

The maaioiDctiic ga&-analysis apparatus described by Mr. Ward 
and myself,* enables the operator to make all the gaseous de- 
tenninations connected with waternanalysis with a rapidity, 
delicacy, and precision, leaving little to be desired; nevertikeless, 
as this instrament is also designed for the analysis of gaseous 
mixtures of greater complexity, its construction is more elaborate 
than is necessaiy for the investigation of such gases as require 
to be dealt with in water-analysis. I have, therefore, devised a 
more simple, and much less costly apparatus, which permits of the 
rapid and accmate analysiB of such gaseous mixtures as require 
to be siubmitted only to the action of absorbents,—a category 
which includes all the gases appertaining to ordinary water- 
analysis. 

This apparatus is represented in fig. 1. 

A is a TJ-shaped glass tube 16 mm. internal diameter, sup¬ 
ported in a perfectly perpendicular position by a convenient 
clamp. Its longer limb stands 1*1 metre high, its shorter limb 
850 mm. measured to 0, In the longer limb, just above the 
bend, is mserted a short glass tube 5, 1 centimetre long, and 
2 mm. internal diameter; it is attached to a doubly tubulated 
bottle, B, by a piece of strong caoutchouc tube 1J metre long, 
and 2 mm. internal diameter. This bottle and tube serve for 
the supply of the apparatus with mercuiy. The shorter limb 
of the tube A, is contracted at C, and joined to a tube 220 nun,, 
long, the bore of which does not exceed 1-J mm. To the upper 
extremity of 0 is joined the capillary tube d d\ carrying a glass 
stopcock, e. The upper extremity of d d' is bent horizontally, 
and is oarefdlly cemenied into the steel cap and clamp-joint /, 
the structure of which is shown in section in figs. 2 and 3. yg 
represents a similar steel cap, glass stopcock, and capillary 
tube connected with the small absorbing jar 1,100 mm. high, 
and 38 mm. internal diameter. The two steel caps permit of 
being joined gas-tight into a continuous capillary tube by a 

* Joum. Ohem, Soc., vi, ISiT, 
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small screw damp, fig. 3, as originally devised by Regnanlt. 
Tbe jar, I, stands firmly upon the shelf of a wooden mercury 
trongh, G, The construction of this trough is shown by figures 
IV, V, and VI. It is 265 mm. long, 80 mm- broad, and 90 mm 
deep outside measure. The rim, A A, is 8 mm. broad, and 15 mm. 
deep. The excavation B, is 230 mm. long, 26 mm. broad, and 
65 mm. deep, The shelf or bottom of the circular cavity, on 
which tbe jar, I, rests, is sunk to a depth of 20 mm. below the top 
of the trough, C, or 35 mm. below the top of the rim, A (Fig. 
vi). At D, in the excavation, are two slight lateral indentations 
for the convenient transference of tubes containing specimens 
of gas from their capsules to the trough. 

Both limbs of the TJ-shaped tube are graduated in millimetres 
firom below upwards, care being taken that, when the tube is 
placed perpendicularly, the zeros on both limbs are exactly at 
tbe same level. H H is a glass cylinder fixed upon the tube, 0 
by a perforated, caoutchouc cork, F, slipped over the top of the 
tube. To fiidlitate the placing of the cork and cylinder in 
position, the horizontal portion of the capillaiy tube, dy shotdd 
be as short as possible. The cylinder, H Bi, serves to contain 
water intended to give, without delay, a definite temperature to 



gases which have to be measured in the limb^^ 0. To secure a 
uniform temperature ia ibis column of water an agitator, A A, 
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consisting of a copper wire, flattened and bent into the form of 
a ring at its lower extremity, is employed. Before this instru¬ 
ment is ready for use, its shorter limb, C, requires calibration, 
which is effected with great facility and accuracy in the follow¬ 
ing manner. The instrument is filled with mercury, by placing 
the reservoir, B, upon the stand, K, opening the clamp at &, and 
the stopcock, «, after disconnecting ^ I, at /. When mercury 
drips from the orifice at /, the cock, 5, is shut. The jar, I, is now 
to be filled with mercury, by applying suction to the orifice 
of its capillary tube, until mercury issues from it, and then 
closing the glass stopcock, g. The tubes, d and must now be 
joined by the clamp /, and sufficient distilled water thrown up 
into I to fiOll completely the shorter limb of the U-shaped tube. 
The stopcocks, e and being opened, and B again placed upon 
the table, the clamp at i is to be unscrewed, so as to allow 
mercury to flow fi.*om both limbs of the U-tube, and thus to 
draw over the water from I into C. When the latter is so far 
filled with water as to depress the level of the morcnry below the 
zero of the graduation, the cock, is closed, I is disconnected at 
/, and removed, and the mercury ieservoir,B, again placed upon 
the stand, K. The cock, is now cautiously opened, and water 
allowed to drip from / until the convex amfrice of the mercury 
in 0 exactly marks the zero of the graduated scale. By 
grearing thefisice of the steel cap at /, the water will flow down 
it in rconute globules without wetting its surface. The tem¬ 
perature of tihe water in the cylinder HU, being now noted, the 
calibration may be commenced. A small and light glass flask, 
the weight of which has been accurately ascertained is placed 
in such a position as to receive the drops of water when the 
latter are made to flow from f. The cock, is then cautiously 
opened, and water allowed to drop into the flask until tlie 
mercury has risen in C a certain number of millimetres, when 
the weight of water collected in the flask is ascertained. If 
the tube be of tolerably uniform bore, it will be sufficdent to 
weigh the water at each lise of mercury through 100 millimetres, 
but the last reading of mercury in C should be taken at the 
highest point at which the calibre has remained unaltered in 
attaching the+narrower tube, and the next readiag should, in 
like manner, be taken at the lowest point of the narrow tube, 
•where the bore has not been deformed by the glass-blower. It 
is obvious that between these two points no gaseous volume 
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can be determiued, but the gas can always be either compressed 
into the narrower tube or expanded into the wide one by 
lengthening or shortening the column of mercury in the other 
linib of the apparatus. The operation of weighing the water 
expelled between observed divisions of the scale, is contmued, 
until the last drop is expelled from the capillary tube d. If the 
temperature of the water m H H be 4® C, the weight of water 
in grammes expelled from known lengths of the tube, C, ex¬ 
presses in cubic centimetres the respective capacities of those 
lengths of the tube. If the temperatme of the water be not 
4P Q, the necessary collection must be made. It now only re¬ 
mains to calculate the volume-value of each millimetre in the 
different calibrated spaces, and to prepare a table showing the 
volume of gas contained in the tube when the apex of the 
mercury stands at each individual millimetre from zero to d. The 
capillary depression of the merciuy in the narrow tube must 
also be estimated by taking several readings in the two limbs 
when they ai’e both freely open to the air. With a narrow tube 
of the diameter recommended above, this capillarity, will 
amount to about 8*4 millimetres, which must therefore he de¬ 
ducted from the pressme in all determinations of gaseous 
volumes made within the narrow tube. The instrument is now 
ready for use. To preserve the mercury in the open limb of 
the U-shaped tube and in the reservoir B, from dust and atmos¬ 
pheric impurity, it is advisable to close their mouths with a 
loose plug of cotton wool. 

The following is the mode of conducting, with this apparatus, 
the analysis of a gaseous mixture obtained in the combustion 
of a water residue. The gas is carefully transferred without 
loss to the jar, I, and thence for measurement into C,* where the 
apex of the mercury is brought to coincide with any millimetre 
mark.; Let us suppose that the following observations are made: 


Height of mercury in C... 250 mm. 

Corresponding vol. of gas as per caHhration table 19*200 o.o. 

Height of mercury in A. 130'4 mm. 

Temperature of water inHH . 16’4®C. 

Height of barometer . 763*1 mm. 


• In the calibration, the internal walla of C aare moisUSied with distilled water; 
they are also ever afterwards kept moiat;, so that the gases when measored are always 
saturated with aqueous vapour. 
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From these data the press-ore upon the gas will be as fol¬ 
lows:— 

Height of barometer . 763*1 mm- 

Deduct height of merc-ury column in A from 
height in C, viz.: 250 - 130*4 = 119*6 

Plus tension of aqueous vapour at 16®*4 0. = 13*9 

-133*6 mm. 


Pressure on dry gas. 


629*6 mm. 


Hence we have 19*200 c.c. of dry gas at 16**4 C. and 629*6 
mm. press-ore. 

Two or -three drops of a concentrated solution of caustic 
potash ha-ving been introduced by means of a small pipette 
into I, the gas is now brought over into contact with it by 
placing the reservoir, B, upon the stand, K, and opening the 
clamp, J, and the stopcocks, e and g. The absorption of carbonic 
anhydride is complete in about three minutes. The gas is 
again passed into 0 for measurement, as before, the difference 
between the two measurements giving obviously the volume of 
carbonic anhydride in the original mixture.* The residual 
now consists of nitric oxide and nitrogen. Whilst it is still 
in the measuring tube, C, about an equal volume of oxygen is 
passed up into I, and the gas being now brought over into the 
latter, the nitric oxide is instantly transformed into nitric 
peroxide, and absorbed by the excess of caustic potash present. 
But as excess of oxygen must be employed in this operation, it 
is necessary to get rid of this gas before the volume of residual 
nitrogen can be determined. For tliis purpose, two or thi*ee drops 
of a concentrated solution of pyrogallic acid are passed up into L 
The oxygen is soon absorbed, but its I’emoval is much hastened 

agita^g the liquid so us to cauee it again and again to 
moisten the surfeee of the glass receiver I. By dexterously 
<»UBing the stand supporting the trongh G to vibrate slightly, 
this agitation of the enclosed Kqnid can be readily efifeotoi 


* If the (^bosHoft of the water reridoe be not pushed on too midly ererv 
of Bolpbnrone anhydride will be absorbed by the metallic coDner in fronts 

mad^t^ wme Mlphnr.jiiB anhydiide has escaped abanpiion. If such a result 
mp^ rt IS o^ necessary to tattodnee two or three ^pa of a satomted^^ 
rf^otsssm diehrmnate into I before the original g«, is WeStSa" 
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witiLOut exposing the capillary tubes to the risk of iBractore. 
The absorption of oxygen is Imown to be complete when the 
dark-coloured liquid thrown by agitation upon the sides of the 
glass runs off again without leaving a dark, blood-red stain. 
The operation is usually complete at the expiration of five 
minutes. It now only remains to detei-mine, in C, the volume 
of the residual nitrogen, and the analysis is finished. 

The operations have furnished three uncorrected gaseous 
volumes, viz., A, volume of the three mixed gases; B, volume 
of nitric oxide and nitrogen; and C, volume of nitrogen. By 
the usual calculations these volumes may be reduced to 0® C. 
and 760 mm. pressure, and then fiom the corrected volumes 
A', B', and O', so obtained, the quantities of carbonic anhydride 
and nitrogen may be deduced as follows:— 

A' — B' = voL of carbonic anhydride. 

P ., t .. ? ■ -s vol. of nitrogen. 

Jt 

From these corrected volumes of carbonic anhydride and 
nitrogen the weights of carbon and nitrogen can, of course, be 
readily calculated. This final and sole object of the analyst 
may, however, be obtained by a much shorter process; that is, 
by dispensing altogether with the intermediate determination 
of the corrected volumes, which is only necessary iu the fore¬ 
going method of calculation, in order to enable the operator to 
arrive at the corrected volumes of carbonic anhydride and 
nitrogen. In fact, if the original gaseous mixtui'e be treated, 
so fer as volume-weight is concerned, as nitrogen, the calcu¬ 
lations become greatly simplified. They depend upon the fol¬ 
lowing data:— 

1. The weights of carbon and nitrogen contamed m equal 
volumes of carbonic anhydiide and nitrogen gases measured at 
the same temperature and pressure, are to each other as 
6:14, 

^ ^ 'i. The weights of nitrogen contained in equal volumes of 
nitrogen and nitric oxide are as 2:1. 

Now, if we assume, for the purposes of calculation, that the 
gaseous mixture submitted to analysis consists entirely of 
nitrogen, and that two successive portions of this nitrogen are 
removed from it by the action of reagents, then, if A be the 
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weight of the total gas calculated as nitrogen, B the weight 
after absorption of the first portion (COg), and C the weight 
after the absorption of the second portion (NgOg); further, if 
as and y represent respectively the weights of carbon and 
nitrogen actually contained in the gaseous mixture, then the 
following simple equations express the values of x and y :— 

-B) 

7 

By the use of the logarithmic table given below for the 
reduction of cubic centimetres of niti*ogen to grms. for each 

*0012502 

tenth of a degree centigrade by the formula 

the labour of calculation is reduced to a minimum. An example 
will perhaps render the whole method of calculation here pro¬ 
posed more intelligible. For this purpose, let us suppose the 
following values to have been obtained from readings such as 
those described at p. 113:— 

Vol. of original gas = A. 

19*200 o.c. of diy gas at 16®*4 C. and 629*6 mm. pressure. 

VoL after first absorption (of COg) = B. 

3’342 C.O. of dry gas at 16°'7 C. and 324“5 mm. pressure. 

Vol. after second absorption (of NgOg) = 0. 

1*631 c.o. of dry gas at 16®*9 0. and 298*4 mm. pressure. 


*002562 

(X + -00367 t) 760 


A * 

log. 19-200 
„ 629*6 

for 16-4 C « 


« 1,28880 
» 2,79906 

- 6,19286 

- 2,27622 « -01886 grm. 


B « 

log. 3-842 » 0,52401 
„ 324-5 « 2.51121 


(1 + *00367 t) 760 


(1 + -00867 0 760 


for 16»-7 C =» 
C « 

log. 1-681 
„ 298-4 

for l6*-9 C » 


6,19241 

3,22763 * -001689 grm. 


» 0,21245 
» 2,47480 

- 6,19211 

- 4,87986 » 


-0007575 grm. 
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Introdncmg these values for A, B, aud 0, into the above 
equations^ we get the following values for a (carbon) and y 
(nitrogen):— 

(s = '007855 grm. 
y = '00122325 gim. 

If these results had been obtained by the combustion of the 
solid residue from one litre of water, then by moving the 
decimal point two places to the right, the values for x and y 
just quoted are transformed into parts by weight of carbon and 
nitrogen in 100,000 parts of the water; thus:— 

Carbon '735 part in 100,000 of water. 

Nitrogen *122 „ „ 

The analysis of the gases expelled from waters by ebullition 
in vacuo* is performed with equal fiicility with this apparatus. 
In all but extremely rare cases these gases consist only of caiv 
bonic anhydride, oxygen, and nitrogen. The carbonic anhy¬ 
dride is ateorbed by a'lew drops of concentrated potash solu¬ 
tion, as before described, and the remaining oxygen andnitrogen 
gases are then separated by means of pyrogallio add. In this 
case the results are usually expressed in cubic centimetres at 
0° C. and 760 mm. pressure. The volumes actually read off 
are reduced to this^mdard by the following formula:— 

AB 

(1 + '003665 t) 760 

in which A » the observed volume of gas in cubic centimetres, 
B = the pressure upon the dry gas, and t =s the temperature 
at the time the volume was measured. A table is given below, 
showing the log. of (1 + *003665^) 760 for each 0®'l C. from 
OP to 30''. 

* An improyed mefbod for extracting the gases from vatexs in yacao, TnH be 
shortly liud b^ore the Sodeiy, by Hr. McLeod, Demonstrator in the Royal College 
of Chemistry. 


K 
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mdLKSXAin) ON A miPLEi apfabittts fob 


Table for the Redvetim of CuUc CentiTnetres of Nitrogen to Grams, 

Loff. _*0012562 ^ ^ degree from 0" to 80®.0. 

® (1 + -OOSSTtjTeO 




■ 

0*2 

0*8 

■ 

0*5 

0*6 

O 

0-8 

1 

H 

—6^1824 

808 

793 

777 

761 

745 

729 

718 

697 

681 

1 

666 

649 

683 

617 

601 

686 

670 

554 

538 

622 

2 

607 

491 

476 

459 

443 

427 

412 

396 

380 

864 

8 

349 

383 

31$ 

302 

286 

270 

255 

239 

223 

m 

4 

192 

177 

161 

145 

ISO 

114 

098 

088 

067 

ma 

5 

086 

020 

004 

*989 

•978 

♦957 

•942 

•926 

•911^ 

*896 

6 

—6,S08?9 

864 

848 

833 

817 

801 

786 

770 

765 

789 

7 


708 

692 

676 

661 

645 

629 

614 

598 

588 

8 

667 

652 

536 

521 

505 


474 

459 

448 

428 

2 

413 

897 

382 

866 

351 

S8S 

320 

301 

289 

274 

10 

250 

244 

228 

213 

198 

182 

167 

151 

186 

121 

11 

106 

090 

076 

060 

045 

029., 

014 

•999 

•984 

•969 

12 

—6,19968 

988 

923 

907,. 


877 

862 

846 

831 

816 

18 

800 

786 

770 

735 

740 

724 

709 

694 

679 

664 

14 

648 

683 

618 

603 

588 

573 

668 

543 

528 

613 

15 

497 

482 

467 

452 

437 

422 


392 

377 

862 

16 

846 

331 

316 

801 

286 

271 

256 

241 

226 

211 

17 

196 

181 

166 

161 

136 

121 

106 

091 

076 

061 

18 

046 

031 

016 

001 

*98« 

•971 

•966 

•941 

*926 

*911 

10 

1—6,18897 

882 

867 

862 

887 

822 


792 

777 

762 

20 

748 

733 

718 

708 

688 


659 

644 

629 

614 

21 

600 

585 

670 

565 

540 

526 

511 

496 i 

481 

4C6 

22 

452 

487 

422 

408 

893 

378 

363 

349 

334 

819 

23 

305 

290 

276 

261 

246 


216 

202 

187 

172 

24 

168 

143 

128 

114 

099 

084 

■livQ 

055 

041 

026 

25 

012 

«997 

*982 

*968 

•953 

•938 

By 

*909 

♦896 

•880 

26 

—6,17866 

851 

837 

822 

808 

793 

779 

764 

760 

786 

27 

721 

706 

692 

677 

663 

648 

634 

610 

605 

690 

28 

676 

561 

547 

682 

518 

503 

489 

476 

460 

446 

20 

482 

4X7 

408 

388 

874 

360 

345 

331 

316 

802 





















DETEBHmiNQ THB GU^ ISCimBNT TO WATEB-AlWi^^ 119 


Table of t%e JBSasHeitif of Aguetm Vapour for each degree 


Temp. 

e . 

& B’S 

Temp. 

C . 

Tension in 
Millimetres 
of Mercery. 

Temp. 

0. 

III 

Temp. 

C . 

liS 


Ilf 

0 

4-6 

•2 

6*6 

•4 

9*4 

*6 

18-2 

•8 

18*8 

•1 

4*6 

“3 

6*7 

*6 

9*6 

•7 

18*3 

•9 

18*4 

•2 

4*7 

-4 

6*7 

*6 

9*5 

*8 

13*4 

21*0 

18*5 

•s 

4*7 

*5 

6*8 

•7 

9 6 

•9 

13*6 

•1 

18*6 

•4 

4*7 

•6 

6*8 

•8 

9*7 

16*0 

IS-5 

*2 

18*7 

-6 

4-8 

•7 

6*9 

*9 

9*7 

•1 

18 *6 

*8 

18*8 

'^1 

4*8 

‘8 

6*9 

11 *0 

9*8 

‘2 

13*7 

•4 

19*0 


4*8 

•9 

7*0 

•1 

9*9 

’3 

13 8 

•6 

19*1 

•8 't 

4 9 

6*0 

7*0 

•2 

9*9 

•4 

13 *9 

*6 

19*2 

‘9 

4.9 

•1 

7*0 

•3 

10*0 

*6 

Em 

•7 

19 8 

1-0 

'4-9 

•2 

7*1 

•4 

10*1 

*6 

14*1 

*8 

19*4 

•1 

6. a . 

•3 

7*1 

*6 

10*1 

*7 

14*2 

•9 

19*6 

•2 

6.0 

•4 

7-2 

•6 

10 *2 

*8 

14 2 

22*0 

19 *7 

-3 

6*0 

*6 

7-2 

•7 

10*8 

*9 

14*8 

•1 

19 8 

•4 

5*1 

'6 

7 8 

•8 

10*8 

17-0 

14*4 

'2 

19*9 

•6 

61 

-7 

7*3 

*9 

10 4 

*1 

14*6 

•3 

20*0 

•6 

5-2 

•8 

7:4 

12*0 

10*6 

*2 

14*6 

'4 

2QT 

•r 

6*2 

•9 

7*4 

•1 

10*6 

*3 

14*7 

*5 

20*3 

•8 

6*2 

7*0 

7-5 

•2 

10-6 

*4 

14*8 

•6 

20*4 

•9 

6 3 

a 

7*5 

■3 

10-7 

*6 

14*9 

•7 

20*6 

2-0 

6-3 

•2 

7*6 

*4 

10 -y 

•6 

15*0 

•8 

20*6 

•1 

6-3 

•8 

7*6 

•6 

10*8 

•7 

15*1 

•9 

20*8 

*2 

6*4 

*4 

7-7 

■6 

10*9 

•8 

16*2 

88-0 

20 *9 

•3 

6*4 

*5 

7*8 

*•7 

10 *9 

•9 

15-8 

*1 

21 0 

•4 

6*5 

•6 

7*8 

•8 

11*0 

18-0 

16-4 

•2 

21*1 

•fi 

6-6 

•7 

7*9 

•9 

11*1 

•1 

16 5 

•8 

21*3 

*6 

6*5 

•8 

7*9 

13*0 

11*2 

*2 

16*6 

•4 

21 *4 

•7 

6*6 

•9 

8*0 

•1 

11*2 

•8 

16*7 

*6 

21*6 

•8 

6-8 

8*0 

8*0 

*2 

11*3 

•4 

15*7 

*6 

21*7 

■9 

6-6 

*1 

8*1 

•8 

11*4 

•6 

15-8 

*7 

21 *8 

8*0 

5-7 

*2 

8*1 

*4 

11*6 

•6 

16 9 

•8 

21 *9 

•1 

6 7 

*8 

8*2 

•6 

11*6 

•7 I 

HEMS 

•9 

22*1 

•2 

6*8 

•4 

8*2 

■6 

1 11*6 

•8 

16 1 

24-0 

22*2 

‘8 

6*8 

*6 

8*8 

*7 

1 11*7 

•9 

19-2 

*1 

22-3 

•4 

6*8 1 

•6 

8*8 

*8 

11*8 

19*0 

19 8 

*2 

22*6 

•6 

6*9 i 

•7 

8*4 

•9 

11*8 

•1 

16 4 

•3 

22*6 

‘6 

6-9 


8*6 

14*0 

11*9 

•2 

16 *6 

-4 

22*7 

•7 

6*0 

*9 

8*6 

•1 

12*0 

•8 

16*7 

•6 

22*9 

•8 

6*0 

9*0 

8*6 

•2 

12 *1 

•4 

16 *8 

•6 

23*0 

•9 

e*x 

♦1 

8*6 

•8 

12*1 

•6 

16 *9 

•7 

23*1 

4*0 

6-1 

*2 

8*7 

*4 

12*2 

*6 

EIS 

•8 

28*3 

•1 

6*1 

*8 

8*7 


12*3 

•7 

17*1 

•9 

23*4 

•2 

6*2 

•4 

8*8 

*6 1 

12*4 

•8 

17-2 

26*0 

28*5 

•8 

6*2 

•5 

8*9 

•7 

12 *5 

•9 

17*3 

•1 

28*7 

•4 

6*3 

•6 

8*9 

•8 

12 *6 

20*0 

17*4 

•2 

• 28*8 

•6 

6*3 


9*0 

•9 

12 6 

*1 

17*6 

-8 

24*0 

•6 

6*4 

•8 

9*0 

16*0 

12*7 

•2 

17-6 

-4 

24*1 

•7 

6*4 

•9 

9*1 

•1 

12 8 

*8 

17-7 

•6 

24*8 

*8 

6*4 

10*0 

9*2 

•2 

12*9 

•4 

17-8 

*6 

24 4 

'9 

6*6 

•1 

9*2 

■3 

12*9 

•6 

1 17*9 

*7 

24*6 

6*0 

6*6 

•2 

9*8 

•4 

13*0 

•6 

mam 

•8 

24*7 

•X 

6*6 

•3 

9*3 

•6 

18*1 

•7 

\ 18*2 

•9 

24*8 





















ISO FBANELAKD ON A SIMPtiB AIVABA.TD8, UnTO. 


TabIiK— (eontmued). 


Temp. 

C. 

Tension in 
Millimetres 
of Mercury. 

Temp. 

0. 

Tension in 
Millimetres 
of MCercnry. 


Tension in 
Millimetres 
of Mercury. 

Temp. 

0. 

Tension in 
MillimetreB 
of Mercury. 

Temp. 

C. 

II 

S6'0 

25 0 

*8 

26*2 

*6 

27-5 

*4 

28 *8 

*2 

80-1 

•1 

25*1 

•9 

26 4 

*7 

2y-6 

•5 

28 a 

•8 

30-8 

•2 

25*3 

27-0 

26 5 

-8 

2y-8 

•6 

29*1 

•4 

80-6 

•8 

25 *4 

•1 

26-y 

•9 

2y-» 

■7 

29*3 

*5 

80-y 

-4 

25*6 

•2 

26*8 

28*0 

28*1 

•8 

29*4 

•6 

80-8 

‘5 

26-y 

•s 

2y-o 

*1 

28*3 

*9 

29 6 

•7 

81-0 

•6 

25*9 

*4 

27*1 

*2 

28*4 

29*0 

29*8 

‘8 

81-2 

•7 

26*0 

*5 

ay-8 

•3 

28*6 

*1 

30*0 

•9 
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Xin. —Redtjustion of Carbonic Acid to Oxalic Acid. 

By Dr. E, Dreohsel. 

(Coimniimcated by H. Kolbe.) 

After many imsuccessful esperhneiits, made during several 
years in my laboratory, with the view of directly reducing car¬ 
bonic to oxalic acid—^by a method similar to that by which 
Dr. R. Schmitt and I had effected its transformation seven 
years ago—my assistant. Dr. Dreohsel, has at length suc¬ 
ceeded in solving this problem by very simple means. 

When a mixture of pure sodium and recently ignited dry 
sand is heated in a flask imbedded in a small sand-bath to the 
temperature of boiling mercmy, while a rapid stream of dry 
carbonic acid gas is continually passed through the vessel, the 
pulpy mixture of sodium and sand, which has at first a silvery 
lustre, soon turns red, and in a few homrs the whole becomes 
converted into a dark-coloured pulverulent mass. Towards 
the end of the operation, care must be taken not to heat the 
mixture too strongly, as in that case the product is apt to 
decompose vriith a glimmering light. 

The cooled mass is spread out on shallow dishes to facilitate 
the oxidation of* the free sodium, then exhausted with water, 
and supei-satiuated with acetic acid; and the oxalic acid is pre¬ 
cipitated fi'om the filtrate by chloride of calcium. The precipi¬ 
tate is usually brownish; but by dissolving it in hydrochloric 
acid, and neutralizing the filtered solution with ammonia, the 
salt is obtained in the form of a snow-white powder. 

60 grms. of sodium thus treated yielded 6 grms. of cakric 
oxalate. 

Dr. Drechsel has subsequently found that potassium-amal¬ 
gam containing 2 p. c. potassium, heated in carbonic add gas 
to the boiling point of mercury, absorbs the carbonic add 
abundantly, and yields a somewhat considerable quantity of 
oxalic acid. 


VOL. XXL 


L 
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FEKEIN ON SOME NEW BENZYMO DERrVA.TXVES 


XIV .—On some new Benzylic Derioatives of the Salicyl Series. 
By W. H, Perkin, P-R.S. 

On comparing the formnlss of benzoin and benzyKo acid ■with 
those of the hydride of salicyl and saKcylic acid, it -will be 
observed that there exists a difference of CyH 0 in their com¬ 
position;— 

CuHi A - CA = CAO, 

Hydride of 
salicyl. 

C14HJ2O3 — OyHg 5=5 CyHgOj^ 

Bexisylic acid. Salicylic acid. 

therefore, an equivalent of hydrogen could be replaced by 
benzyl (C^Hy) in the salicylic alddiyde and acid, isomers of 
these substances would be produced. 

The following is an account of some experiments which I 
have made in this direction, and now beg leave to lay before 
the Society:— 

Action of Chloride of Benzyl upon the Hydride of Sodimnrsalicyt, 

On heating a mixtore of equivalent quantities of the hydride 
of sodiumnsalicyl (salicylite of sodium) and cblorido of benzyl 
with several times its volume of alcohol, for three or four hours, 
to a temperature of 120® to 140® 0., in a sealed tube, chemical 
action, takes place, with formation of chloride of sodium. 

After filtering off this salt, and separating the excess of 
alcohol by evaporation, a thick oily substance is obtained, 
which, when distilled, yields only a small quantity of product 
below 320® 0., by fitr the larger quantity coining over as a thick 
ydlow oil above the range of the mercurial thermometer. To 
purify this oily distillate, it is first agitated with a solution of 
hydrate of potassium, and then "with a strong solution of bisul¬ 
phite of sodium, with which it slowly combines. It should be 
kepji^in contact with this reagent for two or three days, with 
ftequent agitation or stirring, otherwise a quantity of product 
2 Xiay remaiu uncombined^ and be lost. The crystalline com** 
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pound thus obtained is coflected upon a cloth iSlter, drained, 
well sg[ueezed from the excess of bisulphite of sodium, and 
afterwards dissolved in very cold water. Ether is then added 
to remove oily impurities, and the clear aqueous solution 
rendered alkaline with carbonate of sodium. The new body 
which has been liberated by this reagent is taken up with 
ether, and, upon evaporating, this ethereal solution is obtained 
as a colourless viscid oil, remaining fluid for days if left undis¬ 
turbed, but gradually solidifying if agitated. It may then be 
rendered perfectly pm*e by recrystallisation from aloohoL The 
following combustions of this substance were made:— 

I. *1832 of substance gave 
•5331 of COjp and 
•0976 of HgO. 

11. *2661 of substance gave 
•7706 of CO^, and 
•1425 of H3O. 

in. *2437 of substance gave 
•7062 of CO2, and 
•1253 of 

These numbers give percentages agreeing with the formula— 


as the following comparisons will show:— 



Theory. 


Experiment 




I. 

IL 

in. 

168 

79*24 

79*31 

78*97 

79*03 

12 

5 66 

5*91 

5*95 

5*71 

32 

15*10 

— 

— 

— 

212 

100*00 





This siibsiance represents the hydride of saJioyl with its 
phenolic hydrogen replaced by benzyL I, therefore, propose to 
call it the hydride of henzylrsalicyl Its formation may be ex¬ 
pressed thus:— 

Hydride of sodimn- Hydride of beiu^l* 

saflcyl. salkyl. 
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PERKUSr ON SOME NEW BENSOT^IO BEBTVATrVES 


As anlicipatod, tUo Lydrifle of l)oiizyl-SciH(»yl is not identical 
with benzoin, but only isoiiimc. It mclis al J*)®!'!., benzoin 
molting at 120° C. Willi coneentreded salphnric acid il Ibnus a 
yollow solution, bonzt>in, nndoi* ilie same circumhianees, pro¬ 
ducing a criinson one. Wiili alcoholic hydmie of potahsinni 
it yields a yellow liiiuid, benzoin giving a violet-coloured re¬ 
action. 

The hydride of beuzyl-s<dicyl boils at a teinpcvaiuro above 
the range of the nn'rourial thcmioineior. When cold, it pos¬ 
sesses a slightly aromatic odour, somewhat similar to that of 
cloves; but when heated, its vapour is hoth initating and suffb- 
oating. It is easily soluble in other, teiraehlonde of carbon^ 
benzol, and likewise in boiling alcohol, from which it crysiallisos 
on cooling in splendid ti*iuisparent, Hat, oldique prisms. Li 
boiling water it dissolves to a small extent, the solution 
becoming tobid on cooling, and, after standing, depositing a 
small quantity of the aldehyde in orystds. 

Bromine and also nitric acid attack the hydride of benzyl- 
salicyl, but the derivatives appear to bo uucrystallisiiblo 
bodies. 

As already seen, tliis body is an aldehyde, and combiueB 
with bisulphites. These conibin«itions, however, do not Jorni 
very easily when pure hydiido of bonzyl-H<dicyl is employed, 
apparently on account of its solid <»ou(btion, and the insoluhility 
of the resulting conqHnnidH in solution of the bisulphite's; tluTc- 
foro, it is better to employ the cnulo oily aldehyde hi tlu'ir 
proi>aratiou. The coniixnuid with hisulphih^ of sodium, wlu‘ii 
crystalHsod over sulphuric acid, forms beautiful small mic‘U(*couH 
crystals, possessing a very burning histe. 

When lieated in a sealed tube with acetic anhydride to a 
tomperaturo of 150°0, for three or four hours, the hydride of 
benzyl yields an oily 2)rodnct, ajqinronily a direct <'()mbinatu)n. 
This compound, if heated with water to d<*comj)osoH 

with formation of acetic acid. 


Action of Chloride of Bemyl wpon Gaultherate of Sodmn, 

Chlorido of benzyl acts easily upon the ganllhorate of sodium 
when heated with alcohol in a scaled tube of 1()0° C. 5 four or 
five hours’ digestion being generally suflidioat to comploto the 
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reaction. The product on being filtered off from the chloride 
of sodium which has formed, and evaporated on tlio water-bath 
to remove alcohol, yields a rather viscid oil, whidi, when recti¬ 
fied, gives a considerable quantity of distillate, boiling above 
320® C.; this consists of crude bonzyl-salicylato of methyl. 

To obtain tlxe acid fi:om this product, it is decomposed by 
boiling with alcohoho hydrate of potassium. On separating 
the alcohol by evaporation, a crude pasty potassium salt is 
obtained, floating upon the excess of hydrate of potassium, 
which remains as a clear fluid, and may be poured away. The 
potassium salt is then dissolved in water and agitated witli 
ether to remove oily impmities, and the clear aqueous solution 
decomposed with hydrochloric acid; this causes tho new acid 
to separate as an oil, which solidifies in tho course of twenty- 
four hours. It is tlien crystallised from alcohol once or twice, 
or preferably jfrom tetrachloride of carbon. Two combustions 
of this acid gave tho following ntunbers:— 

I. ‘2570 of substance gave 
•6929 of COg and 
•1234 of n^O. 

n. *2452 of substanoo gave 
•6627 of COg and 
-1224 of H^O. 

These numbers givepor contagos agreeing with those required 
by tho formtila 

CuH.A» 

aa iho following compftriBous will hIiow : 

'Pliooiy. 


0,4. 168 73-68 

Hia .... 12 5-27 

O3. 48 21-05 

228 100-00 

This substanoo roprosonts salicylic add, in wludi tlio phonolio 
bydrogon is roplaood by bonzyl. I tlnsreforo propose to call it 
bengyl-acJieyUc aoid. Its fomation may bo expressed thus:— 


JBxpotimeat. 


JU JLX. 

73-58 78-70 

5-33 5-54 
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PBBKIN ON SOME NEW BlNSnTLIO UBBIVA.'nVES. 


1. 


Mo 

[CO 


(VlTyCl 


Na. 

Sodiais salicyUto 
of methyl 

(Gaulthcraic ot sodium.) 



Na(Jl. 


7“7- 
Bon/}l->ahcyUio 
of methyl. 



Boixssyl salicylate Benzyl-nalicylato 

of methyl. of potassium. 



+ nci s 


Benzyl-salicylate 
of potassium. 


/ ir 

on i I + KCl. 

Benzyl-salicylic 
add. 


Bonzyl-salicyKc iici(l inollH at 75® 0., and oii cooHnpf fiiriiw a 
viscid oil, which ciystallisoH in n coufiiHod luamuT wlu‘n ruhht^d 
with a glass rod. It is oxln^mely bolulilo in lioiKng, nnd cahily 
so ill cold alcohol; it crystallibcH from Ihis Holvcnd in mimilc^ 
plates. In one oxporitiiout a ))ovtioii oF <*nuh‘ acid, (HhHt»lvi‘d in 
slightly diluted alcohol, at first <U‘i)OHited an oil, l«if 
standing for about iweniy-fbnr hours, IxMiuliful Iranspan^nli 
platos of tlio pure acid, an ciglith of an inch in din mol (a*, lilh'd 
iho oily deposit and jnitt'd out into tiu* (lear solul ion. IT l»oih‘<l 
with water, this a<*id dissolves to a sm.ill (‘\ient, ami ilmsolti- 
tion on cooling becouK's milky, and, afiiT stamling b(»im» time, 
deposits the acid in thin brilliant plat<‘H, 

Bonzyl-salicylic acid is ibomeric with hen/ylic acid, hut do(‘s 
not give its coloured I'cactious, ru*ith<M* do<M it give the violet 
coloration of salicylic acid with ])trhalts of iron. 

BemylrsalkylateofAmmonimtu —Beu55yl-salicyli<»acid tlisstdvos 
freely in annnouia, and on boiling ofl* tho excess of alkali, a clear 
solution is obtained, but this, if evaporated to ibyness, <le<‘om- 
poses with separation of tho acid. 

BenzylrBalicylcite of Silver. —^Tliis body is obtained by ib<' 
addition of nitrate of silvof to the ammonium salt. It is 
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thro-wn as a pure white precipitate slightly soluble in 

water. 

As a small quantity of bonzyl-salicylio acid is often earned 
down with this compound, especially if the anunonium salt 
employed in its preparation has been boiled rather too much, 
it should be washed with alcohol as well as with water. It 
must be driod in yaouo, as it hises if heated in the water oven. 
A combustion and silver determinations gave the following 
results:— 


I. "1979 of substance gave 
•3643 of COa and 
•0635 of HaO. 

n. "2194 of substance gave 
•0694 of silver, 
in. "1597 of substance gave 
•0508 of silver. 

These numbets give per centagos agreeing with the fonnula, 

Cj 4 HjjAg 03 , 

as the following comparisons wiU show;— 


^Theoiy. 


c„ .... 

168 

50-15 

HlX • • • • 

11 

3-28 

Ag .... 

108 

32-23 

0. 

48 

14'84 


335 

100-00 


Experiment. 

" I. 

11 . 


50-20 

— 

—. 

3-56 

— 

— 


31-63 

31-80 


Bensyl-mUe^Icae of Lead. —Tlie addition of acetate of lead, to 
a solution of bonzyl-snlicylate of ammonium, onuses the salt to 
form as a whito curdy precipitate. 

Bmayl'-aalusjfloete of Met-awry is a white precipitate. 
^nsylraaMot/hte of Copper is a pale apple-green precipitate. 
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XV .—On Gas Analysis^ 


By W. J. Russell, PLD. 

The method of gas analysis proposed by Bunsen has this great 
advantage, that it requires no complicated apparatus; a gror- 
duated glass tube, with the means of holding it vertically in a 
mercury trough, may be said to be all the special apparatus 
required. The reagent is used in the solid state and introduced 
into the eudiometer. The defect of this method, as is well 
known, is that the absorptions take place but slowly, and that 
after touching the eudiometer it takes a considerable length of 
time to regain the temperature of the surroxmding air, so 
that several hours are required to complete an analysis by this 
method. 

These defects are obviated in the methods proposed by 
RegnaultandReisetandbyFrankland. Thosechemistsuso 
the reagent in the liquid state, and surround the eudiometer with 
water. To do this it was, however, found necessary to have a 
more complicated form of apparatus; the liquid reagent was not 
allowed to enter the eudiometer, but was introduced into another 
tube termed the lahoratory and the gas had by suitable 
means to be passed backwards and forwards between the eudio¬ 
meter and this laboratory tube. In the apparatus which 
Dr. Williamson and I described in 1864'*^ this transference of the 
gas was effected by a simple means free from any chanco of loss 
or leakage. Li all these forms of apparatus it is llion principally 
the necessity of having a separate tube for tbe reagent, which 
has rendered them so much more complicated than the apparatus 
of Bunsen. 

My object now is to describe a method by winch the liquid 
reagent can be introduced and removed from tlie eudiometer 
itselft" thus avoiding the necessity of a laboratory tube, and the 
sluggish action of solid reagents. 

Li what follows, the process is applied to the method of 
Williamson and Russell above alluded to. 

The mercury trough is made of gutta-percha, the form of it 


* Gbeisi. SoQ. Jonm. xvu, 288 . 
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is shown in 1 and 2. Fig. 1 is a horizontal section, and 
fig. 2 a section through A B. The larger part of the trough is 
circular; in this part stands the glass cyKnder which contaiiis 


Pia-1, 




the water, and in the centre are the eudiometer and pressure- 
tube. The form of the well in which these tubes are raised or 
lowered is represented at C; it is 2^ inches long, broad. The 
well for the pressure-tube is 14 inches deep measured firom the 
bottom of the trough, and that for the eudiometer 19 inches. 
These aa-e shown in fig. 2 E and F. The sides of the trou^ 
are 3^ inches high. The smaller part of the trough which is 
without the glass cylinder is shown in fig. 1. Along the bottom 
of this part there is a channel ^ inch wide, which runs into the 
well. The depth of this channel* starting firom the end of the 
bottom of the trough at B gradually increases till it reaches the 
well, where it is 1} inches deej), G H, fig. 2. The circular part 
of the trough is 3-j inches in diameter, and the total length 
through A B 6J- inches. The above dimensions are all inside 
measurements. The thiclmess of the guttarpercha is half an 
inch. 
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Fig. 3. 


The pressure tube now used is simply a straight piece of 
tubing of about the same diameter as the eudiometer; this 

simple form is more convenient 
than the one which was formerly 
proposed. The paper screen 
between the apparatus and the 
light is conveniently replaced by 
a strip of tissue-paper gummed 
on to the glass cylinder. Figure 
3 represents the whole appa¬ 
ratus. The glass cylinder is 
omitted for the sake of cleaxness, 
also the eudiometer, but the 
damp intended to hold it is 
very evident. 

The liquid reagent is intro¬ 
duced into the eudiometer by 
means of a small syringe, readily 
made from a piece of tubing 
about 8 or 9 inches long, and 
■J^thinch internal diameter; one 
end of it is bent round so as to 
give it the form of a hook, and 
drawn out; into the other end a 
piston fits, made from a piece of 
stout steel wire, one end of it 
roughened or a screw turned on 
it, and round this cotton wool is 
tightly -wrapped till it just fits 
the tube. In order to have a 
measure of the quantity of liquid 
to be introduced into the eudio¬ 
meter, it is convenient to make 
five or six marks on the straight 
. end of the syringe with a file, 
a quarter of an inch apart. When the liquid is to be introduced, 
a dot -with a piece of chalk is made on the piston, and it is then 
pushed down tiQ this chalk dot reaches the mark corresponding 
to the volume of liquid to be injected. 

We now come to the question of how this liquid reagent is 
to be withdrawn without altering the hulk of gas iu the 
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eudiometer* Several diiBEerent processes were tried, but it is 
only necessary to describe the one found to answer by far the 
best. The problem evidently was to find some body which 
could absorb a certain amount of liquid, but which would not 
carry air with it when introduced into the eudiometer, or 
abstract gas on being withdrawn. 

The following experiments will show that wet cotton wool 
has the required properties. It is used in this way: a piece of 
steel wire, size No. 9 or 10, has one end bent into a loop, and 
some cotton wool is twisted tightly round it; this mass of wool 
should be about ^ inch in diameter and f inch long. It is 
placed in a basin of water, and thoroughly kneaded and 
squeezed for some time; this treatment wets the whole mass of 
cotton wool and expels all the air adhering to it. 

This ball of cotton on the steel wire might of course be in¬ 
troduced into the eudiometer in the same way as Bunsen 
introduces his solid reagents; but it is found much more con?- 
venieiit, especially where it is important to have the mercury 
trough small, to use what may be called a guide tube. This is 
merely a piece of fine glass tubing about 8 or 9 inches in 
length, and hent into a cmrve at one end. The steel wire is 
introduced at this end and pulled through till the cotton ball 
prevents its going further. Held in this way the ball is easily 
introduced or withdrawn from the eudiometer, and that with¬ 
out dipping the fingers into the mercury. The ball being now 
held in the tube and thoroughly saturated with water, is lifted 
from the basin and plunged below the surfcice of the mercury 
in the trongh; it is then squeezed between the finger and 
thumb, so as to expel a considerable portion of water, but still 
to leave it very wet. The guide tube is now mtroduced into 
the canal D, fig, 1, of the trough, and pushed down it so that 
the curved end with the baU comes within the tall glass cylin¬ 
der. In order to introduce tibe ball into the eudiometer, the 
eudiometer is raised so that the open end of it is a little above 
the well in the trough, a mark on the cylinder, or on one of the 
supports will indicate the point to whidi the top of the eudiometer 
must be raised in order that the open end of it may be in the right 
position. Thus raised it is easy to hook the cotton hall project¬ 
ing from the guide-tube into the eudiometer; then by pushing 
the wire the ball rises in the tube and is completely under control. 
It is well to apply a very little grease to the wire, and if by any 
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chance it should become bent, it must of course be discarded. 
To TOthdraw the reagent, the eudiometer is raised and the 
cotton ball introduced as above described; it is pushed up till 
the top of it comes in contact with the reagent, which is then 
quickly taken up by the cotton-wool and the miniscus lejft free 
from liquid. The ball is now pulled below the surface of the 
mercury; this should be done with a jerk, to prevent any gas 
adhering to it, and withdrawn from the ti-ough. 

The following consecutive experiments will show with what 
great accuracy this removal of the reagent may bo effected by 
this process. The experiments were the first ones made to 
test the accuracy of the process. Instead of using a reagent, 
water was introduced into the eudiometer by means, of course, 
of the syringe. The numbers indicate the volume of liquid 
used; for instance six of water means that six quarter-inches of 
this syringe-tube, ^inch diameter full of water, were used in 
that experiment. 


Volume of air taken ... 


300-4 

Do. 

after withdrawing 6 of water 

• « • « 

300-5 

Do. 

do. 

• • « • 

300-5 

Do. 

do. 

• • • • 

300-5 

Do. 

do. 

• • e * 

300-5 

Volume of air taken... 


300H) 

Do. 

after withdrawing 6 of ■ 

water 



another ball of cotton used ., 


300-0 

Volume of air taken .... 

1 « • • • 

366-3 

Do. 

after withdrawing 6 of water 

• • « • 

366-2 

Do. 

do. 

• • • • 

366-2 

Do. 

do. 




(another and larger ball used) 

« # • • 

366-1 

Do. 

do. 

* • • • 

366-1 

Volume of air taken... 

• • • • 

88-7 

Do. 

after withdrawing 6 of water 

• • • • 

88-7 

Do. 

do. 

• • • • 

88-6 

Do. 

do. 


88-7 


1 a fliiB case the gas was very much expanded, ther e being 
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when the bulk was introduced, a column of mercury 18 inches 
high in the eudiometer. 

Volume of air taken. 89*0 

Do. after withdrawing 8 of water . 89*0 

Do. after adding carbonic add.. 111*3 

Do. after withdrawing 6 of potash. 89 0 

Do. do. 89*0 

Volume of air taken .. 169*5 

After withdrawing 7 of potash. 169*4 

Do. 6 of potash... 169*4 

Do. do. 169*4 

Volume of air taken . 116*5 

Do. after adding carbonic acid. 141*0 

After withdrawing 6 of potash. 116*6 

Do. do. 116*4 

Volume after adding carbonic acid. 167*0 

After withdrawing 8 of potash... 116*4 

Volume after adding carbonic acid. 210*0 

After withdrawing 6 of potash. 148*0 

Do. do. 116*4 

Volume after adding carbonic acid. 225*0 

After withdrawing 10 of potash. 139*0 

Do. 6 of potash. 116*3 to 4 

Volume of air taken ..... 133*6 

After withdrawing 3 of water. 133*6 

Do. do. 133*6 

After withdrawing 2 of water .. 133*6 

Do. do. 133*6 

Do. 6 of water . 133*6 

Do. 2 of potash. 133*6 

Do. do. . 133*6 

Do. 6 of potash, new ball used, 

ball up twice. 133*5 

Do. 6 of potash, repeated 3 

times . 133*5 


* These experiments will be sufficient to show the g^eral 
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accuracy of the process. Connected with the use ol each of 
the ordinary reagents, there are some points it will bo 
necessaiy to allude to. 

Absorption of Carbonic Acid .—The following experiments 
were made with air and known qnantitieb of carbonic acid, to 
test the accuracy of the method:— 


Volume of air taken... 189"0 

After adding carbonic acid . 204*0 

The gas absorbed, no reading made. 

After adding carbonic add . 209*0 

The gas absorbed, no reading made. 

After adding carbonic acid .. 211*0 

The gas absorbed ... 189*0 


To absorb the gas in each case, six of potash were used, and 
allowed to remain in the eudiometer ten minutes. The potash 
solution was made from a saturated solution of caustic potash, 
diluted with twice its bulk of water. In the following experi¬ 
ments when the term potash is used, a solution of this strength 
is always meant:— 


Volume of air taken . 278*4 

After adding carbonic acid .. 305*6 

After 5 potash, up 15 minutes. 278’3 

Volume of air taken.. *. 340*9 

After adding carbonic acid . 380*1 

After 5 potash, up 18 hom*s. 340*8 

Volume of air taken... 325*2 

After adding carbonic acid . 338*3 

After 5 potash, up 20 minutes. 325*1 

Volume of air takem ... 326*8 

After adding carbonic add ... 335*9 

After 6 potash, up 20 minutes ...... 326*3 

Volume of air taken . 333*1 

After adding oarbonio add . 345*0 

After 5 potash, up 20 minutes 333*0 
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Volmne of air taken. 827-1 

After adding carbonio acid . 332*8 

After 5 potasb, up 20 minutes. 327-0 


The foregoing series of experiments are sufficient to sho-w 
the accuracy with which this absorption of carbonic acid may 
be made. Although these results are satisfactoiy, it was 
still a question whether, under other cii’cum&tances, the intro¬ 
duction of a certain amount of caustic potash might not alter 
the tension of the gas even in a wet eudiometer. To investi¬ 
gate this point, moist air free fi*om carbonic acid was ffist 
taken, and potash brought in contact with it in the eudio¬ 
meter. 


Volume of air taken. 341*8 

After 5 potash, up 20 minutes. 341*5 

Volume of air taken. 333*7 

After 5 potash. 333*7 

Volume of air taken. 327*9 

After 5 potash, up 15 minutes. 327*5 

Volume of air taken. 140*7 

After 8 potash, up all night. 140*0 

Volume of air taken . 191*2 

After 5 potash, up 5 minutes . 190*9 

Do. 10 minutes. 190*8 

Do. do. .. 190*8 

Do. do. . 190*7 

Volume of air taken... 169*9 

After 6 potash, up 10 minutes. 169*6 

Do. do. 169*6 


The introduction of five of potash into a gas containing no 
carbonic acid causes a slight diminution of tension. By means 
of the syringe, a bubble of water is easily introduced into the 
gas, after the removal of the potash; but unless comparatively 
large quantities of water are used, which of course would be 
inadmissible, the original tension of the gas is not generally 
restored. 
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Volume of air taken ... 204*7 

After 5 potash, up 10 minutes. 204-5 

„ 5 water, up 10 minutes . 204-5 

„ 5 water, up all night .. 204*45 

„ 5 potash, up 10 minutes. 204*4 

„ 5 sti-ong potash, up 10 minutes. 204*1 

„ 5 water . 204-45 


The strong potash consisted of 2 parts of a saturated 
solution of caustic potash 1 part of water. 


Volume of air taken... 318*4 

After 3 potash, up 15 minutes, tube lowered 

3 times.-. 318*0 

After 4 water, up 10 minutes, tube lowered 

2 times. 318*3 

After 3 potash, up 10 minutes, tube lowered 

3 times. 318-0 

After 3 water, up 10 minutes, tube lowered 

3 times. 318*3 

After 3 potash, up 10 minutes, tube lowered 
3 times. 318*0 

Volume of air taken . 315*2 

After 6 potash, up 15 minutes. 314*8 

„ 5 „ 10 minutes. 314*8 

„ 6 „ all night. 314*6 

„ 5 water up. 314*7 

« « 314-8 

Volume of air taken. 121*9 

After 6 potash, up all night. 121*4 

„ water up.... 121*6 


These experiments, and many others which have been made, 
show that, under certain circumstances, a very appreciable error 
may be made by the potash altering the tension of the aqueous 
vapour. It appears, however, that when a considerable quan¬ 
tity of carbonic add is present, some twenty or more milli- 
meires of that gas, this diminution of tension does[not take place, 
os is seen in some of the analyses already quoted and, in some 
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cases, -with even a much less quantity of carbonic add, it does 
not take place. 

This source of en*or is, however, easily avoided by using a 
much weaker solution of potash; one made by diluting 1 pt. 
of a saturated solution of potash with 5 pts. of water answers 
very well. In the following experiments a solution of this 
degree of dilution is termed weak potash.” If 5 pts. of this 
solution are introduced into a moist gas, even entirely free from 
carbonic acid, it wiU produce no appreciable alteration in the 
tension of the aqueous vapour, as shown by the following ex¬ 
periments ;— 


Volume of air taken... 321'6 

After 5 weak potash, up 15 joodnutes . 321*6 

Volume of air taken... 338T 

After 5 weak potash, up 45 minutes . 337’95 

Volume of air taken ... 281*1 

After 5 weak potash, up 15 minutes . 281*1 

In the following experiments carbonic acid was present. 

Volume of air taken . 188*6 

After adding carbonic add... 190*0 

„ 2 weak potash, up 20 minutes. 188*5 

Volume of air taken... 248*6 

Do. after adding carbonic acid. 313*4 

After 5 potash, up 2 hours. 244*9 

„ 3 weak potash, up 10 minutes. 243*5 

„ adding carbonic add. 255*3 

„ 5 potash, up 30 minutes. 243*5 

Volume of air taken... 339*4 

After adding carbonic add. 840*3 

„ 5 weak potash, up 15 minutes. 339*4 


The absorption of carbonic add by this process is then per¬ 
fectly simple and accurate; the only precaution to be taken is 
when only testing for the presence of the gas, or absorbing 
v^ small quantities to use a dilute solution, in other cases it is 
YOL. XXI. M 
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better to lase a stronger one. The 5 of potash used in most 
of the foregoing experiments would absorb about 80 milKmetres 
of carbonic add, measured in a eudiometer about -bJ-th inch in 
diameter, and under a pressure of about 8 inches less than the 
ordinary barometric pressure. The weak potash contains only 
half the amount of potash which the stronger does. In some 
cases it is convenient to use even a still stronger solution—one 
containing 2 pts. of saturated potash to one of water. 

In all the absorptions of carbonic acid, after introducing the 
caustic potash, the eudiometer was lowered so as to wet with 
the solution a considerable portion of the tube, and thus expose 
a large surface of the solution to the gas. This raising and 
lowering of the tube should be repeated; the absorption then 
takes place very rapidly. The time required to absorb the 
whole of the carbonic acid depends on the absolute and relative 
amount of the gas present, and on the amount of potash solu¬ 
tion used. Generally about ten minutes is ample time. A 
rapid observation of the height of the mercury in the eudio¬ 
meter with the telescope will show whether any ftnther ab¬ 
sorption is taking place. 

la the experiments, when a diminution of tension was pro¬ 
duced by introducing potash into moist air, a few drops of 
water were of course, as in other cases, first placed at the 
closed end of the eudiometer; it was then fiOlled with mercury, 
and the air introduced, the upper part of the tube thus becoming 
moistened all over, and covered with visible drops of water; 
in raising and lowering the tube, the potash did not come 
within three or four inches of the top of the eudiometer, so 
that, although the tension of the aqueous vapour duninishod, 
there was still an abundance of water in the top of the tube, 
so much as to be perfectly visible to the naked eye. It ap¬ 
pears then that in the upper part of the tube the original fall 
tension of the aqueous vapour must have continued; but below, 
where some of the potash would be still stickiag to the sides 
of the tube, a diminution of tension was produced. A con¬ 
tinual evaporating of the water at the top and dflutiug of the 
potash below is going on, but is not sufiGlcient in amount and 
rapidity to restore the original tension. 


Volume of air taken. 380*7 

After 5 potash, up 10 minutes... 330*2 
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When this reading was made, the upper part of the eudiometer 
in fact nearly 5 inches from the top, was covered with small 
drops of water. The eudiometer was allowed to stand for 
50 hours, and the bulk of gas then read off it, was 330*3. 

The top of the tube now looked perfectly dry.* 

Absorj>tion of Oxygen .—This gas is absorbed by first putting 
up into the eudiometer some potash, and then, with another 
syringe, adding a little of a strong solution of pyrogallic acid 
to it. The quantities must of course depend on the amount of 
oxygen present. To test the process some air was taken which, 
containing so large an amount of oxygen, would show any 
defects in the process. The following are the results obtained 
the quantities of the reagents used, and the time they were 
allowed to act;— 


Coixeeted yoL 

Volume of air taken . 130*3 132*15 

4 potash and 3 pyrogallic acid 
solution, left up half hour .... 103*5 104*46 

2 potash and 2 pyrogalKc acid 
solution, left up half hour .... 103*5 

Oxygen. 20*953 per cent. 


Volume of air taken 

4 potash and 3 pyrogallio add 
solution, left up 20 minutes .. 

8 potash and 2 pyrogallic add 

129-0 

103-3 

130-80 

104-26 

solution, left up 15 minutes .. 

102-6 

103-53 

Osygffli. 20-848 per oeate 


Volume of air taken .. 

135-4 

137-44 


* The following experiment may also be cited as illustrating in a different way 
the absorption of aqneons vapour. Three portions of calcic chloride^ of ahont 10 gnns. 
each^ were tahen; one portion placed in a watch-glas^ another at the bottom of a 
glass cylinder^ 4j-in. high and l^in. in diameter, and the third at the bottom of 
a ejilinder, 8^ in high and l-^in. in diameter; all these glasses were placed dose 
together on a shelf and left nncovered. On the next day the calcic chlorMs in the 
watch-glass was liquid; on the thirteenth day that in the diorter cylinder was 
liqtiid^ but it was not till the twenty-fbrst day that the chloride in the tdleet 
cylinder was liquid. 

M 2 







140 


BUSSEILL ON GAS ANALYSIS. 


4 potash and 3 pyrogallic acid 
solution, left up half hour .. •, 107*7 


Corrected rol. 

108-79 


Oxygen.. • 20*845 per cent. 


Absorption of Olefiant Gas .—This gas is absorbed in the ordi¬ 
nary way, -wili fuming sulphuric acid; the only question was 
whether Ihe acid should be introduced by means of a syringe, 
or by a cote ball. The latter process is perhaps the best. The 
coke ball is fastened on a platinum wire, and with the guide 
tube is very easily introduced into the eudiometer. The same 
ball may be used a great number of times. After the ball has 
absorbed all the olefiant gas (it will generally take from half-an* 
hour to an hour to do this), a little water is introduced into 
the tube, this withdrawn, and then some dilute potash. 

The following are some instances of the absorption of car¬ 
bonic add and olefiant gas in coal gas; the specimens operated 
on were from the same works, but not collected at the same 
time:— 


Yolume of gas taken ... 

217-8 

Corxected-vtdU 
229-11 

After 5 weak potash . 

214-7 

225-82 

After coke ball and absorption of 
add fumes. 

202-8 

213-21 


COg .... 1*960 p, c. 

* • 5*504 „ 


Volume of gas taken . 


214-2 

225*29 

After 5 weak potash . 

After coke ball and absorption of 

211-0 

221-90 

add fumes. 

CO3 ... 
PnHaa . ■ 

1-505 p. a 
5-171 „ 

200-0 

210-25 


In the following analysis no coke ball was used, the acid 
being introduced by means of a syringe. The carbonic acid 
and add fames were absorbed at one operation. 

Corrected toL 

Tolume of gas taken.. 16$*4 174*79 
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Corrected voL 

4 fianung add up, afterwards phos¬ 
phate of soda, and then potash 155*4 163'34 

CO 3 and Cj^ 2 a ^‘®51 p. c. 

The following is a complete analysis of a specimen of coal 


Volume of gas taken . 229*11 

After 5 weak potash. 225*82 

„ ookebaU. 213*21 

„ 4 potash and 2 pyrogallic acid 202*5 
Volnme of combustible gases taken 51*82 

After adding oxygen .. 171*04 

„ exiplosion...... •• 8538 

„ potash... 60*08 

„ a<pgig hydrogen.. 411*40 

„ exiplosion... 249*47 

Th& ghres the following percentage composition for the gas 

Carbonic acid. 1*950 

Olefiant gas, &o,. 5*504 

Oxy’gen 0*139 

Hydrogen ... 45*847 

Light carbnretted hydrogen 40*948 

Carbonic oxide. 4*167 

Nitrogen.... 1*445 


100*000 


XYL—On ChloraniL No.L 
By John Stenhouse, LL.D., FJLS., &c 
PreparoMm of ChhramL 

The best process for the preparation of dhloranil hitherto pnb- 
lished is that of Dr. Hofmann,* which consists in digesting 

* Ann. Phann. 55. 
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a boiling saturated aqueous solution of phenol, \nth a mixture 
of chlorate of potassium and hydi*ochloric acid. « 

When chlorate of potassium and phenol are dissolved in hot 
water, and a sufiBicient quantity of hydi’ochloric add is added, 
the solution becomes dark-coloured and turbid, and after the 
lapse of a few minutes, a strong reaction sets in, with evolution 
of pungent vapours and separation of yellow crystalline scales, 
which are, however, contaminated with a considerable quantity 
of a dark red oil. This mass, when cold, is freed as much as 
possible from water, and extracted with hot spirit to get rid of 
the red oil. The pale yellow crystalline scales thus obtained 
consist of tercblorquinone, mixed with from 20—50 per cent, of 
chloranil. By repeated treatment with boiling sphit, the ter- 
chlorqumone, as it is rather soluble in that menstruum, may be 
removed and the chloranil obtained in a state of tolerable 
purify. The terohlorquinone thus extracted contains chloranil, 
and although I have operated upon very large quantities, I 
have never been able to obtain it free from adheiing fraces of 
the latter substance, either by sublimation, or by crystallisation 
firom spirit or benzol; but as wiU presently be seen, I have been 
able to obtain it pure indirectly. 

After making numerous experiments to determine the most 
advantageous proportions for preparing chloranil according to 
the above method, the following was found to be the best pro¬ 
cess :—3 parts chlorate of potassium were dissolved in 70 pa 2 ?ts 
boiling water, and 1 part phenol added. This mixture, when 
poured into an earthenware vessel capable of containing about 
twice the volume of the liquid, had a temperature of 90® C.; 14 
parts hydrochloric acid of sp. gr. 1-16 were then added at once, 
and the whole was well agitated. In a few minutes the clear, 
brownish-red liquid became opaque and very hot, chlorine and 
a pungent vapour of very disagreeable and persistent odour 
were given off with violent effervescence, and chloranil was 
deposited in yellow scales, contaminated with the before-men¬ 
tioned red cal. 

On extracting this with a large quantity of boiling spirit, 
chloranil is left undissolved, but even when a great excess of 
chlorate of potassium and hydrochloric acid was used, I never 
succeeded in obtaining more than 40 parts of chloranil from 
100 of phenol. It seemed to me, however, that the terdblor- 
qxnnone and chlorinated oil, holding as they do an intermediate 
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position between pbenol and cfaloranil, znight be converted into 
the latter by proper treatment; and finding from a preliminary 
experiment that chloride of iodine rapidly converted both of 
them into chloranil, I resolved to utilize this I’eaotion for the 
preparation of that substance. 

The above-mentioned mixture of crude chloranil, terchlor- 
quinone and red oil, obtained from phenol by chlorate of 
potassium and hydrochloric acid, after standing from 12—^24 
hours, was collected on a cloth filter, freed as much as possible 
from water by pressure, and introduced into a flask with an 
equal weight of water €tnd about half its weight of iodine. 
This flask was fdrnished with two tubes, one serving as a con¬ 
denser, and the other for passing a current of chlorine into the 
mixture, whilst heat was applied by means of a paraffin bath. 
The current of chlorine, which was at first very rapidly ab¬ 
sorbed, was so adjusted that there was always a slight excess 
of iodine. This was readily ascertained by tiie violet colour of 
the vapour in the flask. After 10 or 12 hours, when the ab¬ 
sorption of chlorine became very slow, the digestion was stopped, 
a bent tube fitted to the flteisk in place of the condenser, and 
the chloride of iodine solution distilled off as far as possible, a 
gentle ctnrent of ohlorine being passed through the apparatus 
during the latter part of the operation. When cold, the residue 
was boiled up with water, and the yellow scales, which were 
now.almost free from oily matter, well washed with cold water, 
pressed, and extracted several times with small quantities 
of spirit. It now presented the appearance of brownish-yellow 
scales, and was tolerably pure chloranil, considerably more than 
equal in weight (1-25) to the phenol originally employed. 

Attempts were also made to convert both the red oil andl 
terohlorqumone into chloranil, bj- treating them with chlorate of 
potassium and hydrochloric acid, also by digestion with penta- 
chloride of antimony and sesquichloride of iron in a current of 
chlorine, but these methods gave very unsatisfactory results, as 
did also passing chlorine through the solution of the substances 
in tetrachloride of carbon, either with water or without. 

In order to purify the chloranil obtained by the above method, 
one part of it was dissolved in 20 parts of hot benzol, filtered, 
and the excess of benzol distilled o£^ until scales began to 
deposit in the hot solution; the distillation was then discon¬ 
tinued, and when cold, the chloranil was collected on a doth 
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and strongly pressed. One or two crystallisations thus rendered 
it perfectly pure. It is necessary that the benzol should be 
purified by sulphuric acid,* as otherause the chloranil becomes 
contaminated with a large quantity of black resinous substance. 
This is a better method of treating the chloranil than crystalli¬ 
sation fi'om boiling alcohol, as it is but slightly soluble in that 
liquid. 


Aimlifaes of CliloraniL 

L *245 grm. substance gave *571 grm. argentic chloride, 
n. *294 gim. substance gave *686 grm. argentic chloride. 


Ce 

ca, 

O, 


72 

29*26 

I. 

11 . 

142 

57*73 

57-65 

67-73 

32 

13*01 

— 

— 

246 

100*00 




L was obtained by the action of chloride of iodine on the 
dark red oil, and 11. from terchlorquinone containing traces of 
chloranil, by the same method. 

When phenol previously combined with sulphuric add (equal 
measures), was dissolved in a large quantity of hot water, and 
submitted to the action of chlorate of potassium and hydro- 
chloric add, no red oil was formed, but the amount of chloranil 
and terchlorquinone was less than that obtained by acting on a 
solution of pure phenol in water. 


Preparation of Chloranil from PioriG Acid. 

On dissolving equal parts of picric add and chlorate of 
potassium in 30 parts boiling water, a considerable quantity of 
the difficultly soluble piorate of potassium was formed, and the 
addition of hydrochloric add (7 parts) caused a violent re¬ 
action ; ddoropicxin distilled over, and chloranil remained in the 
retort, equal to about one-twelfth the weight of the picric acid 
onginaJly employed, bdng only 12 per cent, of the theoretical 


♦ Ppoc. Boy. Soc. xiv, S51. 



STINHOUHE ON CHLORANIL. 


145 


quantity. This, therefore, is not by any means an advanta¬ 
geous process. Chloranil is but sKghtly soluble in bisulphide 
of carbon, tetrachloride of carbon, ether, chloroform, or petro¬ 
leum oil. 


ChhrhydraniL 

Stadeler, in 1849,* prepared chlorhydranil by digesting 
chloranil with boiling aqueous sulphurous acid until it ex¬ 
hibited no farther change of colom*. He believed that chlorhy¬ 
dranil was the only product formed by this reaction. This 
however was a mistake, as I found, on carefully repeating his 
process, that 100 parts chloranil gave only 70 chlorhydranil, 
instead of 101, and that the crude chlorhydranil thus obtained 
had a brown colour which is very difficult to remove. A much 
better method, which gave the theoretical quantity of colour¬ 
less chlorhydranil at one operation, consisted in digesting jBnely 
powdered pure chloranil, with moderately strong hydriodio 
^ add, and about one-tenth its weight of ordinary phoi^horus 
for 30—40 minutes, washing well with cold water, and erystal- 
lismg from boiling alcobol (5 parts). The product thus 
obtained was quite colourless, and of a high lustre. It was 
however contaminated with traces of phosphorus, which soon 
became oxidised on exposure to the air, and the resulting 
phosphorous add was removed by washing with cold water. 
This impmity can also be got rid of by boiling with aqueous 
cupric sulphate and recrystallisiag. The substitution of amor¬ 
phous for ordinary phosphoinis in the above process, is not 
advisable, as the crystals are then slightly coloured. 

Chlorhydranil, CgCl^OaHj, is almost insoluble ia bisulphide ol 
carbon, tetrachloride of carbon, and benzol, but very soluble in 
ether. It dissolves in carbonate of sodimn solution with a beau¬ 
tiful green colour, which rapidly changes into brown, and at 
the same time a few green needles are deposited. By heating 
with strong nitric acid, or better still, a mixture of nitric and 
sulphuric adds, it is easily reconverted into Ghloranil. This 
method may be employed for the purification of crude chloranil, 
instead of crystallisation from benzoL 


* Azm. Oh. Pham. Ixiai^ S27. 
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Jetton of Sulphurous A.eid on ChlorcmU. Terehlorhpdrogvinons, 

AHiTin w gTi bhlorhydranil was tibe principal product obtained 
by passing a current of sulphurous acid through boiling water 
holding chloranil in suspension, yet as I haYe mentioned above, 
about 30 per cent, of it was converted into other compounds, 
which remained in the aqueous solution, contaminated with 
sulphuric and hydrochloric acids. 

This solution was neutralized with carbonate of lead CpJ^o- 
viously made into a cream with water), and filtered. The 
sulphuric acid was thus removed as sulphate of lead, whilst 
plumbic chloride remained in solution together with an organic 
lead salt. The lead was precipitated firom this solution by 
sulphuretted hydrogen, the dear liquor evaporated to dryness 
on the water-bath, and the residue, consisting of an organic 
add, submitted to sublimation, which was best effected by 
pladng it in a covered beaker heated by means of a paraffin 
bath to 120®—130“ 0., white lustrous crystals were thus obtained. 
These were purified from adhering hydrodilorio add by one or 
two resublimations, or by recrystalUsing from bisulphide of 
carbon, and then subliming them. The residue in the sublim¬ 
ing vessd contained firee sulphuric add. The crystals are 
moderately soluble in hot water, alcohol, bisulphide, and tetra- 
dfioridfi of carbon, and very soluble in ether. 'When subjected 
to analysis they gave the following results:— 

X. ‘229 grm. substance gave *282 gim. carbonic add, and 
*030 grm. water. 

n. *276 grm. substance gave *341 grm. carbonic add, and 
•(®6 grm. water. 

HI. *180 grm. substance gave 362 grm. argentic chloride. 


Cg = 72 83*72 

Qg = 49*89 

Hg = 3 1*41 

Og = 32 14*98 

213*5 100*00 

It win be semi from these results that the ctystalliue snhli- 


I. n. ni. 

38*59 p.c. 33*70 pn. — 

— — 49*75p.a 

1*45 1*45 — 
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mate had the compositioii of terchlorhydroquiaone C 5 C!l 3 H 302 . 
Its properties also agreed with those ascrihed to that substance 
by Stadeler-* 

On adding nitrate of silver to a warm solution of the crystals, 
a white precipitate was produced containing 50 per cent, of 
silver. It appears however to be a mixture of a silver compound 
with terchlorquinone. 

Nitric add acted strongly on terchlorhydroquinone, red fames 
were evolved, chloropiciin distilled over, and the solution on 
cooling deposited yellow crystals, a farther quantity being 
obtained on the addition of water. They were well washed 
with cold water and crystallised from alcohol. As might he 
expected, the analysis of the substance proved it to he tea> 
chlorquinone CgCljHOa. 

I. *281 grm. snbstance gave *349 grm. carbonic add, and 
*014 grm. water. 


Ce 

Oa 

H 

0 . 


I. 


72 

34-04 

33*88 p.c. 

106-5 

50-36 

1 

•47 

•55 

32 

1513 

— 

211-5 

100-00 



The removal of chlorine fi*om chlorajiil by sulphurous add, 
and formation of terchlorquinone firom the resulting products 
is very interesting, as it will probably afford a method, of obtain¬ 
ing bichlorquinone and chlorquinone, in a state of absolute 
purity, which Stad.eler was unable to effect by the means he 
employed, viz,, fractional crystallisation. 

The substance firom which the terchlorhydroquinone was 
obtained by sublimation seems to be a conjugate add, but 
hitherto I have not been able to obtain either it, or any of its 
salts in a state sufSidently pure for analysis. It is exceedingly 
soluble in water, alcohol, and ether, and crystallises from the 
latter in large prisms. 


TercJilorgiiinone. 

Although, as I have already stated, I was unable to obtain 
terchlorquinone firee fi:om chloranil, either by nrysiallisation or 

* Ana. Gk. rhftzm. Irix, 022. 
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sublimation, yet, as I fonnd tliat tbeir hydrogen compotinds 
admit of being readily separated, it offered a method of obtain¬ 
ing large quantities of terchlorquinone in a pure state. This is 
the more important, as Stadeler, who discovered this body, 
did not get it in sufiScient quantity for analysis. 

The crude mass obtained in the preparation of chloranil by 
the process described in the first part of this paper, was treated 
three or four times with small quantities of boiling alcohol to 
remove the red oil, and then extracted with a considerable 
quantity (six times its weight) of the same solvent, filtering 
whilst hot. On cooling, the impure terchlorquinone which 
crystallised out was collected, and the mother-liquor again 
boiled up with the undissolved portion left on the filter. By 
this means the original mixture was separated into three 
portions— 

L The red oil which could be converted into chloranil by 
treatment with chloride of iodine solution. 

n. The portion almost insoluble in spirit, consisting of nearly 
pm-e chloranil; and 

m. The crude terchlorquinone, still retaining, however, a 
considerable quantity of chloranil. 

In order to effect the separation of these two substances, this 
portion (m) was added by small quantities at a time to mode¬ 
rately strong boiling hydriodio acid, containing a few pieces of 
phosphorus. The chloranil and terchlorquinone were fhus con¬ 
verted into chlorhydranil and terdhlorhydroquinone, which sank 
to the bottom as an oil, and on oooUng, a large quantity more of 
the terchlorhydroquinone crystallised out. This was then col¬ 
lected, washed slightly with cold water, boiled with spirit, and 
filtered from the undissolved phosphorus. The solution after 
evaporation to dryness at a gentle heat, was exposed to the air 
until the phosphorus it contained had oxidised. 

The white crystalline mass was then powdered and submitted 
to sublimation in a glass vessel heated to 120®—130® in a 
paraflBnbath. The terchlorhydroquinone sublimed in brilliant 
plates, leaving behind theehlorhydranil, which is not volatile at 
that temperature. After one or two crystallisations from hot 
water (10 parts), it was found to be perfectly pure, as may be 
seen from the results of the subjoined analysis;— 

I. *326 grm. substance gave *404 grm. carbonic add and *050 
gnu. water. 
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Ce = 72 33-72 

CI 3 = 106*5 49*89 

H 3 = 3-4 1*41 

Og = 82 14*89 


213*5 100-00 


I. 

33*81 p.o. 
1*70 


Sometimes the aqueous solution did not crystallise out for 
days, but the addition of a few crystals, or immersing the beaker 
in a freezing mixture caused it to solidify to a mass of fine 
needles. It requires 160 parts of water at 15“ C. to dissolve it. 

As terchlorquinone when digested with strong nitric acid 
was slowly decomposed, with formation of chloropicrin and 
evolution of carbonic anhydride and nitrous fumes, I found it 
advisable to effect the conversion of terchlorhydroquinone into 
terchlorquinone by dissolving it in hot water strongly acidu¬ 
lated with sulphuiic add, and then adding a solution of acid 
chromate of potassium, when the terchlorquinone was precipi¬ 
tated in the crystalline state. 


TerMorhroTnquimne*^ 

When terchlorquinone and bromine were digested together 
for some hours in a sealed tube at 120®—130® C., on opening 
the tube a considerable quantity of hydrobromic acid escaped, 
and the residue, after being washed with water, was found to 
be very slightly soluble in hot alcohol, firom which it crystallised 
in yeUow plates resembling dbloranil. It contained bromine 
and when dried at 100 ® and analysed it proved to be terchlor- 
bromquinone, 0 eCl 3 Br 02 . 

•350 gims. substance gave -SI? gnn. carbotdo anhydride, and 
•004 gims. water. 

This corresponds to 24*71 per cent, carbon, whilst the 
formula CeClaBrOg requires 24*78 per cent. 


CgClaBrOgHg. 

When the terchlorbromquinone was digested with hydriodio 
acid and phosphorus, as in the preparation of chlorhydranil 
from ohloranil, terohlorbromhydroquinone was formed. It was 
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very Boluble in alcohol, from, which it crystallised in long prisms 
and was readily reconverted into terchlorbromqidnone by boiling 
with nitric acid. 

The analyses in this paper were made for me by my assistant 
Mr. Charles E. Groves. 


XVII .—Action of Nitric Acid on Picramie Acid, 

By John Stenhoitsb, LL.D., P.E.S., &c. 

Feoh the conflictmg statements that have been published 
regarding the prodncts of the action of nitric acid on picramio 
add, I was led to examine into the nature of this reaction. 
Girard and Pngh* state that when picramio add is treated 
with strong nitric add it is converted into picric add. W 8hl er 
and Carey Lea,t on the contrary, state that picramio add is 
not converted into picric acid by the action of nitric add. 

Three parts by weight of boiling nitric acid, sp. gr. 1*45, 
were poured on one part of picramio add, which it readily dis¬ 
solved, and after a few mimites a violent reaction ensued, and 
nitrons fames were evolved with almost explosive violence. 
When the action had somewhat moderated, heat was applied to 
the mixture, and after continuing the digestion for about ten 
minutes the liquid was allowed to cooL This, on standing some 
time, deposited a crystalline substance in such large quantity 
that it became semi-solid. 

The crystals were drained from the acid mother-liquor on a 
funnel, plugged with gun-cotton, dried on a porous tile, and 
after being crystallised two or three times from spirit were 
analysed, with the following results. 

L *228 grm. substance gave *286 gim. carbonic acid and *028 
gnn* water. 

n. '416 gxm. substance gave *524 gno. carbonic acid and *049 
grm. water. 


* Girard, Compt. Head., 86, 421 ; Pagh, Ann., Qk. Phaim. 96,83. 
t WShler, P<^. Ann., 18,488; Carey Lea, Sill. Am. J. [2], 26,279. 
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a = 72 34-28 34-22 34-36 

H; = 2 0-95 1-36 1-31 

N 4 = 56 26-67 — — 

O 5 = 80 38-10 — — 

210 100-00 

From the analysis it will be seen that the crystalline com- 
ponnd above-mentioned is identical in composition with the 
diazodinitroplienol of Griess,* with which its 

physical properties also correspond. 

The mother-liqnors from which the diazodinitrophenol had 
separated after concentration, yielded crystals, which, when 
purified by repeated crystallisation from water, were found to 
have the composition and all the physical properties of picric 
add. Subjoined is the analysis:— 

L -478 grm. crystals gave -556 gim. carbonic add and -074 
grm. water. 

n. -388 grm. crystals gave *453 grm. carbonic add and -056 


grm. 

-water. 







IhMiy. 

I. 

H. 

Mean. 

9p 

72 

31*44 

31-74 

31*85 

31*80 


= 3 

1*31 

1-72 

1*61 

1*66 


= 42 

18*34 




0 , 

= 112 

48*91 

— 

— 

— 


229 

100*00 





The silver salt was also prepared by neutralising the add 
with argentic carbonate and recrystdllising. On analysis -775 
grm. of the salt gave -330 grm. of argentic chloride 32-05 per 
cent, of silver. Theory CgHjjA.g(N 02)30 req[uires 32-16 per cent. 

Zn most of the experiments which I made much diazodinitro-* 
phenol W 6 bs produced, and comparatively little picrb add¬ 
in one instance, however, this restalt was entirely reversed; 
scarcely any nitrous fames were given of^ and pimio add was 
the chief product. The effect of the action of nitric add on 
picramic add is therefore the production of diazodinitrophenol 
and picric add in variable proportions, probably dependent on 
temperature and the strength of the nitric add employed, a cfr- 
oumstance which readily explains the discordant rescolts of 
previous experimenters. 

* Grless^ Amu Ch. Ftann , 205. 


Heao. 

34-29 

1-33 
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^KSTJL—Note on Franhland and Armstrong's Menwir on the 
Analysis of Potable Waters. 

By J. Alfred Wankltn, E. T. Chapman, and Miles 

H. Smith. 

In the memoir lately publielied* by Franklaad and Arm strong 
describing the method by which they propose to conduct the 
examination of waters as regards organic substance, objections 
are raised to the method we have recommended for deter- 
mining the relaiive quality of water by means of the albu¬ 
minoid ammonia it yields by treatment with alkaline solution 
of permanganate of potash. Those objections are, to a great 
exi^t, based upon a comparison of the results obtained in this 
way with the results obtained by Frankland and Arm¬ 
strong’s method. We have, therefore, made a careful inquiry 
into the conditions to which the difference between the results 
furnished by the two methods may be referred, and into the 
accuracy of Frankland and Armstrong’s method to be 
appKed as a test of the results furnished by our method. 

In placing before tlie Society the condusions at which we 
have arrived, we must, in the first place, premise,! as before 
stated, that we do not consider the complete conversion of 
organic nitrogen into ammonia by our method as being essen¬ 
tial to its applicability for determming the relative quality of 
water, and that we rely simply upon the constancy of the ratio 
between the amount of albuminoid substance in '^e water and 
the quantity of ammonia pi’oduced. 

The next gpint which we have to consider is the degree of 
accuracy attainable in estimating the carbon and nitrogen in 
the water-residue according to Frankland and Armstrong’s 
method. In order to enable a judgment to be formed on this 
point, the authors gave ten examples, in which known weights 
of known substances were dissolved in distilled water with 
some carbonate of soda, or carbonate of lime, and the residues 
obtained, after treatment with SO 2 and evaporation, were 
burnt with chromate of lead. In the following tables we give 

* Chem. Soc. JonnuJ 1868.) 

t Chem. Soc. Journal (December, 1867.) 



ON THE ANALYSIS OF POTABLE WATERS. 


153 


the amounts of carbon taken, and the amounts obtained, also 
the amounts of nitrogen taken and obtained, and the errors 
applying to each esperiment:— 



Substance taken. 

Carbon taken. 

Error. 

Carbon 

obtamed. 


milligrm. 

millignn. 

millignu. 

milligim 

L. 

35-2 

Sugar 

1482 

- 0*19 

14*63 

n.. 

34*7 

99 

14*60 

- 0*74 

13*86 

m.. 

11*4 

99 

4-80 

- 0*40 

4*40 

IV.. 

12*2 

99 

514 

+ 0*16 

5*30 

V.. 

11*5 

99 

4*84 

- 0*50 

4*34 

VI . 

10* 

Urea 

2*00 

- 0*23 

1*77 

vn.. 

10*25 

99 

2*05 

+ 0*06 

2*11 

vni.. 

10*4 

99 

2*08 

+ 0*31 

2*39 

IX.. 

20*2 

99 

4*04 

+ 0*48 

4*52 

X.. 

25* 

Hippuric acid 

15*08 

- 1*22 

13*86 


V. 

Nitrogen takem 
Milligramme. 

. 2-46 

VI. 


vn.. 


vm.. 

. 4*84 

IX. 

. 9-42 

X.: 

. 1*95 


Error. 

Nitrogen obtained^ 
Milligramine. 

+ 0*08 

2*54 

-0*03 

4*63 

- 1*21 

3*57 

-0*16 

4*68 

- 0*56 

8*87 

+ 0*08 

2*03 


From these tables it will be seen that there is a deficit of 
carbon in six out of the ten determinations, and an excess in 
four of them. The greatest error in deficit is 1-22 milligim.} 
the least error in deficit is 0‘19 millignns.; the mean error on 
the six determinationB being 0'49 millignns. In ordinary 
organic analyses, wherem 200 or 300 milligrms. of a substance 
such as sugar is taken, it is possible to obtain results which 
are accurate to within about one-tenth per cent., equal to an 
absolute error of 0*2 milligrm. of carbon. When smaller quan¬ 
tities of substance are analysed in the ordinary way, it is 
admitted that the degree of pereentage aeetmuy attainaUe is in¬ 
ferior. 

The quantitieB of organic substance to whicfii the results 
given by Frankland and Armstrong refer are firom 10 to 35 
millignns., being about one-tenth as mudr as would be operated 
VOL. XEL » 
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Upon in an ordinary organic analysis. But the absolute error, 
as shoTOL in the tables above, is from 0*2 to 1*2 miUigrm. of 
carbon, so that while operating on smaller quantities there is 
no corresponding reduction of absolute eiTor, and consequently 
Frankland and Armstrong’s method, as exhibited by their 
own experiments, does not attain to a higher degree of accu¬ 
racy than would be reached by ordinary organic analysis ap- 
phed to very small quantities of organic substance. 

The importance of this circumstance as regards the estimation 
of organic substance in a water will be appreciated when it is 
considered that the quantity of organic substance in a litre of 
water is seldom anything like so much as the quantities of 
sugar, &c., operated upon in the experiments given as indi¬ 
cative of the degree of accuracy attainable by Frankland and 
Armstrong’s method. 

From the results obtained for nitrogen it will be seen that 
out of the six experiments the results of four are in deficit, and 
those of two are in excess. These results apply to quantities 
of nitrogenous substance fully ten-fold as large as those likely 
to be present in a litre of ordinary water. It, therefore, appears 
to us that taking these data as representing the extent to 
which this method can be depended on for the determination of 
the minute quantities of carbon and nitrogen in a water- 
residue, it does not estimate quantities of nitrpgen which fall 
short of half a milligramme. Now, on turning to the table of 
analyses at the end of the memoir,* it will be seen that the 
quantity of organic nitrogen per litre (and a litre is the quan¬ 
tity of water upon which the determinations were made) is 
represented as ranging from O'OO through all varieties of inter¬ 
mediate value to 0*56 milligrm. These quantities of nitrogen 
are, however, within the limits of error indicated by the exj^eri- 
ments above referred to; consequently, we cannot regard these 
results as representing differences of quality in the different 
kinds of water. 

Having thns considered what are the capabilities of the 
method proposed by Frankland and Armstrong we will now 
proceed to discuss the comparison which they institute between 
the results famished by our method and those obtained by 
their own. In the first place it will be seen that the differences 


* Soo. Journal, March, 1868, p. 108. 



ON THE ANALYSIS OF POTABLE WATERS. 


155 


between the results of the two methods observed by Frank- 
land and Armstrong, range from + 0*05 to — 0 52 of a 
milligramme, amounts whicsh, as we have already shown, lie 
within the limits of experimental error. 

From these differences, therefore, no conclusion of any kind 
can be drawn, and we consider it to be sufficiently evident that 
Frankland and Armstrong’s method is incapable of testing 
the accuracy of the results obtained by our method as stated 
below. 


Milligramme per litre 


Albaminoid NHj. 

Ozganic Nitrogen. 

Waukljn Ohapman, 

Frankland and 

and Smithy 

Armstrong 

Bala Lake water ... 

0-25 

001 

Loch Katrine water. 

0*13 

0*08 

Manchester water... 

0-07 

0-26 


rO-OS 

0-48 

Thames water as delivered in 

0-15 

— 

London by the different com--< 

012 

— 

ponies at different dates. 

0-14 

— 


L(V20 

— 

New Biver water.. J 

rO-034 

0*14 

1 

LO'OO 

— 

East London Water Company.,.. 

0*09 

0*24 

Caterham water... 

000 

0*07 


On general grounds we are disposed to consider that the 
circumstance of Frankland and Armstrong’s method being 
applicable only to the residue obtained by evaporation of a 
water, is a disadvantage, both as zegaxds the time requisite for 
making an experiment, and on aocotmt of the probability of 
loss of organic substance. But, in our opinion the preliminary 
treatment of the water with SOg in order to eliminate nitrogen 
exbting as nitrates and nitrites comprises a source of error of 
a far more serious character. There can be no question as to 
the complete e’spulsion of CO^ by this treatment, and we -there¬ 
fore pass over that part of the subject. But as the nitrogen 
existing as nitrates in some kinds of water is often much more 
than ten times as much as the nitrogen existing in organic 
states of combination, it wiU be manifest that the estimation of 
organic nitrogen by Frankland and Armstrong's method. 
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weald "become iHosory, if only a small portion of tlie nitrates 
were to escape decomposition. 

On referring to Frankland and Armstrong’s paper it will 
be seen that, the process for the destruction of the niti*ates and 
nitrites is as follows:—“ 2 litres are poured into a convenient 
stoppered bottle, and 60 c.c. of a recently prepai-ed saturated 
solution of sulphurous acid are added.” . . . . One half of this 
sulphurized water is now boiled for two or thi*ee minutes, and 
unless it contained a considerable amount of cai'bonates, 0*2 
grm. of sodic sulphite is to be added dming the boiling, so as 
to secure the saturation of the sulphuric add formed during the 
subsequent evaporation.” The addition of a couple of drops ” 
of solution of ferrous or ferric chloride is also recommended, and 
the water is subsequently to be evaporated to dryness upon a 
steam or water-bath. 

The authors remark further on, that ‘‘such an expulsion of 
the nitrogen of nitrates and nitrites is a remarkable reaction, 
and could scarcely have been predicted; indeed it takes place 
to a very partial extent only when a nitrate is dissolved in 
water, and evaporated with excess of sulphurous add in imita¬ 
tion of a natural water; neither is the result very different when 
sodic chloride, or caldo or magnesic carbonate is added.” 

We agree with the authors in looking upon a total decom¬ 
position of a filtrate by a few minutes’ boiling with a solution of 
TBulphurous acid as remarkable. On the other hand a decom¬ 
position of free nitric acid by sulphurous add is what we should 
be quite prepared to expect. 

When it is considered that a litre of many waters contains in 
solution sufficient free oxygen to generate 0’06 gnn. of sul¬ 
phuric add by oxidation of the sulphmrous acid, it ^rill become 
obvious that, notwithstanding the addition of the 0’2 grm. of 
sodic sulphite, which is recommended in the case of those 
waters containing no considerable amount of carbonates, there 
win always be great danger of the water becoming strongly 
acid. The probability of the 30 c.c. of saturated solution of 
sulphurous add containing sulphuric acid is also great; there 
is, moreover, the risk of absorption of oxygen, and consequent 
formation of sulphxunc add during the standing in the bottle, 
and during the boiling in the flask. 

It is worthy of note, that the addition of the “ couple of 
^fopa” of solution of ferric chloride, which the authors find 
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to be so efficacious in rendering the decomposition of the 
nitrate complete, is equivalent to an addition of so much free 
acid. 

Of the six experiments given by Frankland and Arm¬ 
strong to illu&trate the complete decomposition of the nitrates 
(pp. 96 and 97), the first one, the third and fourth, are instances 
in which, from the absence of any alkaKne or earthy sulphite to 
take up the sulphuric add^ there must necessarily have been free 
nitric acid from the very beginning of the reaction. In the 
second of these experiments, 10 c.c. of a solution of sodic sul¬ 
phite (strength unknown) were added. In the fifth experi¬ 
ment a natural water was taken, but no mention is made of the 
amount of carbonate of lime in it. Only the sixth admits of 
discussion as a possible example of a complete reduction of 
nitrates without the charging of the water with free sulphmic 
acid. Li this experiment, *01 grm. magnesia, 0*1 grm. calcic 
carbonate, 0*1 gim. sodic chloride, 0*01 grm. potassic chloride, 
1 drop of solution of ferric chloride, 2 drops of solution of 
hydrio sodic phosphate, 0*1 grm. potassic nitrate, and 15 c.c. of 
sulphurous add solution were taken, and complete destruction 
of the nitrate was the result. 

By calculation, it will be seen that the 10 miUigrammes of 
magnesia and 100 milligrammes of carbonate of lime are equi¬ 
valent to 122*5 milligrammes of sulphuric acid. Now the 
oxygen dissolved in the water cannot have been less than would 
suffice to form about 60 milligrammes of sulphuric acid, whilst 
97 milligrammes of sulphuric acid would be set free by the re¬ 
duction of the 100 milligrammes of nitrate of potash. Thus 
we should have about 34*5 milligrammes of free sulphuric add 
as the final result of the reaction. 

It would, therefore, appear that in Frankland and Arm¬ 
strong’s test-experiments, in which there was complete re¬ 
duction of the nitrates, the cnrcumstances were such as to give 
rise to free sulphuric acid as a final product. 

W© have made experiments in which care was taken to avoid 
the production of this add as an ultimate product of the re¬ 
action, and have never succeeded, under such drcumstaaces, in 
effecting a complete destruction of the nitrates. In some inr 
stances, iron and phosphates were present in the mtwral waters 
experimented upon; but stfil the destruction of the nitrates was 
incomplete. 
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The follo^ving experiments maybe cited;—^Water from a 
pump in Great Portland Street: 1 litre taken, 30 c.c. of a satu¬ 
rated solution of sulphxu’ous acid was added, and then boiled for 
two minutes; evaporated on the steam-bath (one or two c.c. of 
a saturated solution of sulphurous acid being added four times 
during the evaporation). Result: 14 milligrammes of HNO 3 
were left in the residue. It is to be observed that this water 
contains both iron and phosphates. The water from a pump in 
Bartholomew Lane gave a similar result. 

To another weU-water a quantity of sulphite of protoxide of 
iron was added before submitting it to the action of sulphurous 
acid, and yet the residue contained much unreduced nitrates. 

Tn anofcer instance, 100 milligrammes HNO3 state of 

nitrate of potash), 300 miUigrammes Ca^O.COg, 100 milligrammes 
KO, and about 400 milligrammes of phosphate of lime wore 
put into half a litre of distilled water, boiled with 30 c.c. satu¬ 
rated solution of sulphurous acid, and evaporated to dryness. 
Result; 55 milligrammes of HNO 3 undecomposed in the 
residue. 

On repeating tins experiment and substituting sulphite of 
protoxide of iron for the phosphate of lime, 69'5 milligrammes 
of HNO 3 was left undecompo&ed. 

In another experiment half-litre of New River water was 
taken, saturated with carbonic add, and then boiled, cooled in 
an atmosphere of that gas, and again boiled and cooled in car¬ 
bonic acid; in tliis way it was insured that the water should be free 
from dissolved oxygen. 15 c.c. of a saturated solution of sul¬ 
phurous acid, free from sulphuric acid, was then added, and the 
whole mixture boiled for 2 ^ minutes and evaporated to dryness. 
The residue was found to contain much nitric acid. (These 
determmations of nitric acid were made by a modification of 
Schulze’s aluminium-process, a description of which has been 
laid before the Chemical Society.) 

From all these experiments two facts are veiy apparent. 
First, the operation of destroying the nitrates in water by 
means of sulphurous acid is a very uncertain one. Secondly, 
the opeoration, as practised by Frankland and Armstrong, 
gives rise to free sulphuric acid in the residue. We need 
hardly add that few organic substances will bear being heated 
to i 00 ° C., with their own weight of sulphuric acid, without 
raidergoing great decomposition. 
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We must liere call attention to the circumstance that in the 
experiments made to determine the degree of accuracy attain¬ 
able by Frankland and Armstrong’s method of estimating 
carbon and nitrogen, no nitrates were added to the water, and 
as there was in aU cases sujfficient alkaline or calcareous sul¬ 
phite to take up any sulphuric add produced by oxidation of 
sulphurous add by the oxygen dissolved in the water, there 
was no charring of the residue by sulphmic acid. In this very 
mateiial condition, therefore, the trial experiments differ from 
those made to prove complete destruction of nitrates, and from 
operations on natural water. 

In the case of water containing large (quantities of organic 
nitrogen, as for example actual sewage in which the amount of 
nitrogen would be capable of estimation by Frankland and 
Armstrong’s method, we encounter another difi&culty, due to 
the presence of ammonia in the water residue. 

In order to arrive at the organic nitrogen, it would then be 
necessary to make a determination of the free ammonia in the 
water, and to deduct the nitrogen corresponding to it from the 
total nitrogen of the residue. Owing, however, to the circum¬ 
stance that ammonia would be lost by difiEusion dming the 
evaporation (even in presence of an acid), the water-residue will 
contain only a part of the original ammonia, and consequently 
an error would arise in deducting the amount of nitrogen cor¬ 
responding to the original ammonia, firom the total nitrogen of 
the residue. 

This source of error would, of comrse, affect to some extent 
all determinations of organic nitrogen in waters containing 
free ammonia, but it would become important in the case of 
such waters as London well water, which often contains a con¬ 
siderable quantity of free ammonia. 

We will conclude by giving in a tahtilar form a number of 
analyses made by our ammonia-method, showing the extreme 
constancy of the results. Each of the first five sets of analyses 
bracketed together was made on the same day, on the same 
sample of water. 
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Bisliopsgate-fitreet pump.. 

Mixed with equal volume ol‘ 
distilled water ,. 

Thames water above 
Hampton 

Manchester water all taken 
at same date^ but from dif¬ 
ferent parts of the town 

Edinburgh water taken from 
a tap at the University on 
18th and 19th Sept., 1867 



London Institatioii. 
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XIX*— On the Action of Oxidizing Agents on Organic Compovmds 
in presence of excess of Alkali, 

By J. Alfred Wa.nklyn, Professor of Chemistry in the 
London Institution, and E. Theophron Chapman. 


Part L Ammonia evolved hy Alkaline Permanganate acting on 
Organic Nitrogenous Compounds^ 

It has been observed that albumin evolves ammonia when sub¬ 
mitted to the action of permanganate of potash in strongly 
alkaline solutions.* Furthermore, that this ammonia is per¬ 
fectly constant in quantity, being strictly proportional to the 
amount of albumin employed, and that it is not the whole, but 
only a j&action of the total ammonia which the total nitrogen 
of the albumin is capable of fiirnishing.t 

On extend ing this enquiry to organic nitrogenous substances 
in general, we find the action of strongly alkaline perman¬ 
ganate to be perfectly definite, as will be apparent from the 
results to be given further on. 

We shall confine ourselves, in this paper, to a consideration 
of the ammonia evolved, and in subsequent papers, in continua¬ 
tion of the subject, hope to render account of the residual 
nitrogen (when there is any) and of the other complementary 
products of the oxidation. 

We will first describe the mode of conducting the experi¬ 
ments. 

The ammonia evolved during the reaction was (as in the 
papers just referred to) measured by means of the Nessler 
test, and inasmuch as this test is used with very small quantities 
of ammonia, it was convenient to operate on very small 
quantities of organic matter. 

In order to measure these small quantities with the necessary 
degree of precision the following plan was usually adopted. 

* Wanklyn, Chapman, and Smith, Jonnial of tho Ohem. Soc. (1867), voL t 
[S er. 2], 445. 

t Ibid. Wanklyn (1867), vol. v [Ser. §], 591. 

VOL. lai. 


O 
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100 milligrams of the substance to be oxidized were weighed 
out and dissolved in 100 c.c. of water, thus giving a solution 
containing one milligram in a cubic centimetre of the solution. 
By measuring this solution in an accurate burette divided into 
tenths of a cub. cent., or by weighing out, there was obtained 
the requisite quantity of the organic substance measured with 
the requisite degree of accuracy. 

The oxidation was usually effected as follows:—Half a litre 
of freshly distilled water was put into a retort, then 50 c.c. of a 
solution of potash (equal to 10 grams of solid potash) were 
added. 

Then about 100 c.c. were distilled over and usually found to 
be ammoniacal. This having been done, the farther distillate 
was generally found to be ammonia--free. 

Next some permanganate of potash (from 0*1 to 0*5 grm.) 
was added, also a few fragments of freshly ignited tobacco pipe 
(Mr. Duppa’s device to avoid bumping and violent boiling). 

Then the weighed, or measured liquid containing the sub¬ 
stance to be oxidized was put into the retort, and the distilla¬ 
tion proceeded with. 

The distillation was continued until the evolution of 
ammonia ceased or became very trifling. 

Blank trials having been made vrith the distilled water and 
reagents, the following substances were investigated;— . 

L A^Togine^ —^The sample of asparagine 

■was obtained from Messrs. Hopkin and Williams, and was in 
beautiful lurystals.--Jtt^sEas dissolved in water. 

MiUigram. 

Substance taken =s 3*65 
NHg obtained = 0*80 
NH 3 per cent. 3 s= 21-92. 

n. Piperine^ — From Messrs. Hopkin and 

Williams, was w^ crystallised. It was dissolved in glacial 
acetic acid. 

KiUigiam. 

Substance taken sa 4*25 
NHg obtaiaed = 0*23 
NHg per cent = 5-41. 

IlL Chloride of IHamyhmiMt —Prepared in 
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the labQratot 7 London Institation, analTBedy and found 

to be pure. 

Millfgrama, 

Substance taken =s 3*91 
NH 3 obtained = 0*31 
NH 3 per cent* = 7*93» 

Tbe volatilit 7 oi the substance rendered it difficult to get 
complete action, which accounts for the NH 3 being too low, 
Diamylamine gives a white precipitate with the Nessler-test. 
lY. Amylamine, O^HiaN.—Prepared in the laboratory of the 
London Institution, by the action of iodide of amyl on am¬ 
monia. Had a perfectly constant boiling point. Its chloro* 
platxnate and chloride were analysed and found to be pure. It 
was very carefully fireed ftrom ammonia, and gave with Nessler'- 
test a pure white (not a brownish) precipitate. 

L IL 

ICilltgXSinS. MiTligr^tna. 

Sabstance taken...... 2*70 1*10 

NH 3 obtained. 0'59 024 

NHgper cent, s 21 * 8 . NHsper cent, a 21 * 8 . 


V. BijahenyUartmmuIe, CigHjgNjO^.—^Presented to lu Mr. 
Perkin. 


MiT!i£n4i.Tyii^ MilUgr amg. 

Substance taken ss. 7*2 19*4 

NHg obtamed = 070 1*98 

NHj per cent. =s 9*72 10*21. 


The foregoing ezemples are instances of total conversion of 
the nitrogen of the substanoe into ammonia, as the following 
comparison shows:— 


1. Aeparagme. 

n. Pipeline. 

HL Diamylamine Ghloiide 

IV. Amylamine. 

y. Diphenybtartramide.. 


TliMty. 

Foond. 

22*66 

21*82 

5*96 

5*41 

8*79 

7*93 

19*54 

21*8 

11*33 

1021 


0 2 
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The first column of figures contains the calcnlated quantity 
of ammonia which 100 parts of the substance could give, if all 
its nitrogen passed into ammonia. The second column gives 
the ammonia obtained from 100 parts of substance. 

Piperidine, hippuric acid, and narcotine, also give up the 
total nitrogen in the form of ammonia, on being boiled with 
strongly alkaline permanganate. 

VL Morphine^ GnHjgNOg.—^Obtained from Grevilla Wil¬ 
liams, dried at 100 ® C. 

MUligrasnB. 

Substance taken r= 20 - 
NHg obtained = 0*56 
NH 3 per cent. = 2 * 8 . 

Vn. Codeine^ CjgHgiNOgHgO.—Splendid crystals from Mao- 
farlane, of Edinburgh. 

MxlUgr&ms. 

Substance taken = 6*5 

NH 3 obtained =5 0*195 
NH 3 per cent, sr 3 * 00 . 

Vin. Papaverine^ —^From Macfarlane, of Edin¬ 

burgh. In good ciyst^. 

HilligmnB. 

Substance taken = 10 * 

NH 3 obtained =: 0*22 

NH 3 per cent. = 2*2 

This substance yields up the ammonia with extreme diffi¬ 
culty. 

IX. Strychnine^ C 22 H 22 N 2 O 2 .—Prom Messrs. Hopkin and 
Williams. In very good crystals, carefully dried. 

HillilgramB. 

Substance taken = 6*5 
NH 3 obtained =s 0*30 
NH 3 per cent. = 6 ‘ 45 . 

X- Iodide of Me&yl-sbn/ehnine, 

Dr. Crum Brown, Good crystals. 



OZIDIZmO ACEBMTS ON OROANIO OOMPOONDS, Km 165 


Milligram. 

Substance taken =s 7*2 
NHg obtained ss 0*24 
NH 3 per cent, == 3*33. 

XL Brucme^ CagHggNaO^-—From Messrs. Hop kin and 
Williams. 


Milligrams. 

Substance taken = 10* 
NH 3 obtained = 0*46 

NH 3 per cent. = 4-6. 


Xn. Sulphate of Quinine^ (020024^2^2)2^2®® 4 -—Messrs. 
Hopkin and Williams. It was carefcilly dried. 

Milligrams. 

Substance taken =« 10*00 
NH 3 obtained = 0*45 

NH 3 per cent. = 4*5. 

xmr. Sulphate of Cincholine, (C 2 oH 24 N 20 ) 2 H 2 S 04 .—From' 
Messrs. Bullock. It was recxystalbsed in the laboratory of 
the London Institution, and dried at 100° 0. 

Milligrams. Milligrams. 
Substance taken = 10*00 5*00 

NH 3 obtained sa 0*57 0*27 

NHs per cent. = 5-7. NH 3 per cent. = 6-4. 

These nnmbers (as -will be apparent from the tahnkr stat^ 
ment a little forther on) are some-what in excess of the theoreti¬ 
cal qnantily for sulphate of cinchonine. 

As is abundantly evideni^ however, fi-om the researches which 
have been published on cinchonine, that the formula of this srab- 
stance is by no means well established. The formula just gi^ 
yidds 4*76 for half of the ammonia. Other formul® whi^ 
have been proposed give close on 5‘00 for half of the ammon^ 

XIV. Nkotme, CioHi4Na.— From Messrs. Hopkin and Wil¬ 
liams. 

UilUgnaas. 

Substance taken » 1*99 
lilHj obtained = 0*215 
NHg per cent. = 10*80. 

Nicotine has no action on the Nesd.OT"test. 
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XV. JSfc^kthyUmme, C,oH,N.—Prepared bj OTurselves from 
nitronapbiihalme. The hydroohlorate ■was analysed and found 
to be pore. 

MiUigrams. Milligrams. 

Sobstance taken = 12*175 4*26 

NHg obtained = 0*81 0*29 

IIH 3 per cent. ^ 6*65. NHg per cent. = 6*81. 

Napbtbylamine Las no action on tbe Nesslei^test. 

XYL Toluidine^ C^H^N .—k well-crystallised specimen, ob¬ 
tained from tbe Continent. 


Milligrams Milligrams. 

Substance taken = 4*08 2*66 

ITH 3 obtained = 0*86 0*22 

NHg per cent. = 8*83. NH3 per cent. = 8-80. 

Toloidine has no action on the Nessler-test. 

XVn. Ade^xOx of Sosaniline, — Dried at 

115^ a 


Milligrams. Milligrams. 

Snbstance taken =? 3*925 4*626 

ITH 3 obtained =5 0*25 0*30 

NH 3 per cent. = 6*37. NH 3 per cent. = 6*49. 


In tbe following table, under theory, there are numbers cal¬ 
culated on the principle that 100 parts of the substance should 
give up half its nitrogen in the form of ammonia:— 


YI. Morphine ... 

Theory 

NH, 

2-98 

Fonnd 

HTH*. 

2*80 

YU Codeine. 

2-67 

8*00 

YTH. Papaverine . 

2-50 

220 

IX. Strychnine... 

509 

5*45 

X. Iodide of methyl-strychnine .... 

8-57 

3*33 

XL Brucine... 

4*32 

4*60 

Xn. Sulphate of quinine... 

4*56 

4*50 

Xin. Sulphate of omchonine ........ 

4*76 

f5*7 

L5*4 

XIV. Nicotine..... 

10*49 

10*80 

'•XV. Kapbiihylamme... 

595 

r6*65 

1 


, 6*81 
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Theory Foimd 

NHs. NHs. 

7-95 
7-06 

An instance of the evolution of one-third of the nitrogen in 
the form of ammonia, is afforded by creatine C 4 HgN 302 - The 
specimen of creatine taken for the experiments, was kindly 
given to us by Mr. Greville Williams. It was dried and 
analysed, giving a correct result. 

The mean of three accordant determinations of the ammonia 
evolved on boiling 100 parts with alkaline permanganate, is 12*6. 
The theoretical quantity, on the principle of evolution of one- 
third of the nitrogen as ammonia, is 12 98. 

This result becomes intelligible when it is remembered that 
two-thirds of the nitrogen in creatine are present in the form 
of and that the nitrogen of urea is evolved by alkaline 
permanganate, either as nitrogen gas or as nitric add. Sar- 
cosine, the form in which the residual thhd of the nitrogen is 
contained, will, we believe, be found to give up all its nitrogen 
as ammonia. 

In theine we have found a substance which gives up one- 
fourth of the nitrogen as ammonia. 

Found, NHg from 100 parts 

Theory = 8-76 (J of the nitrogen). 

The molecule of theine contains four atoms of nitrogen. 

Theine, 

Uric add also ^ves up a comparatively small fraction of its 
nitrogen in the form of ammonia. 

Apparently, 100 parts of uric acid yield about 7 parts of 
NHg; we shall, however, experiment further on this substance. 
We subjoin determinations made on substances of which the 
molecular weight is unknown. 

100 parts of gelatin have given 12*7 parts of ITHg. 

*100 parts of casein gave 7*6 parts of NHg. 

100 parts of dry albumin g^ve about 10 parts of NHg. 

• Of reiy donbtfol purity. 



XVI. Toluidine. 

XVn. Acetate of Hosaniline 
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We mention, lastly, an experiment on a substance containing 
the whole of its nitrogen in the nitro-form, viz., pitaic acid 
CeH3(N02)3H0. It gave no ammonia on distillation with 
alkaliae permanganate, but yielded nitric acid, as was proved 
by subsequently getting abimdance of ammonia on reducing 
the alkaline liquid by means of aluminium. 

Before oonsideiTng the general conclusions to be drawn from 
the experimental data contained in this paper, we think it 
useful to give a special description of the method of research 
which has been followed, and a discussion of some points con¬ 
nected with it. 

The extreme minuteness of the quantities of substance sub¬ 
jected to quantitative determination is one of the most striking 
features of this investigation, and of those investigations more 
or less connected with it which have been published within the 
last year. On looking back, it will be seen that the quantity 
of substance taken for analysis varies firom one to twenty milli¬ 
grams, being generally much nearer the former than the 
latter limit. In short, it may be said, without greatly exag¬ 
gerating, that we have substituted milligrams for the grams 
which are ordinarily experimented on. As will have been 
observed, we have, accordingly, all throughout the paper, given 
the weights in milligrams instead of grams. 

The first point to be considered is the mode of efibcthig the 
requisite division of the substance. In one instance wherein 
the larger quantities were taken, as, for example^ in the instance 
of diphenyltartramide, the substance was weiglxed on a bit of 
platinum foil, and employed in the solid state. lu every other 
case, the substance was employed in solution. As was de¬ 
scribed at the beginning of the p iptr, the usual way of in*o- 
ceeding was to weigh out 100 milligrms. of substance and 
dissolve it in 100 cub. cent, of water, or very dilute acid or 
alkali, according to circumstances. The dilute solution might 
then, if necessaiy, be weighed out accurately to a milligram, 
and so the substance experimented on would be capable of 
being divided accurately to of a milligi’am. ' 

If ordinary care be taken, no fear need be entertained that 
the water used for maldug these dilute solutions will contain 
sufficient ammonia or other nitrogenous substance to vitiate 
the expeiiments. There is no great difficulty in preparing 
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distilled water of sucli purity as not to give so mncli as 
'jjro iniDigrin. of ammonia per litre. But, for making these 
solutions, it is not requisite to use anything better than 
ordinarily well distilled water, which, made from the London 
water, seldom contains more than or milligram of am¬ 
monia per litre. 

Thus, taking TV^ater of this quality, we will suppose 10 cub. 
cent, to be employed. There would be then 10 milligrams of 
substance employed, and an error of -foW ^ mill^’am of 
ammonia introduced by reason of impurity of the water. In 
short, a little consideration wiU easily show that there is no 
reason for apprehending the vitiation of results in consequence 
of error affecting the division of the substance taken for ex¬ 
periment. 

By a proper system of washing the apparatus, carefully 
cleaning out the Liebig^s condenser by distilling water 
through it immediately before ufidng it for an experiment on 
the estimation of these minute quantities of ammonia, and by 
carefully testing all reagents employed, it is quite easy to avoid 
the introduction of extraneous ammonia, and to obtain per¬ 
fectly regular results. 

It may be weU to refer spedally to the precautions to be 
taken in making a delicate testing of the purity of distilled 
water. The utmost freedom from all traces of ammonia is 
essential, for instance, in the case of the half-litre of water which 
is destined to receive the small quantity of substance the 
ammonia evolved by the oxidation of vrbich is to be estimated. 
In cases like this, it is not enough that 100 cub. cent, of the 
water should give no coloration with the Nessler-reagent, but 
100 cub. cent, of the first distillate given by one litre of the 
water should give no reaction with the Nessler-reagent. Precise 
and detailed directions for the preparation and use of the 
Nessler-test will be found in the Laboratory,” vol. i, p. 267. 
To these directions we 3Daay add that we find it convenient to 
have our standard solution of ammonia of such a strength that 
one cub. cent, contains milligram of ammonia, and that il^ 
as sometimes happens, the Nessler-reagent should prove 
wanting in sensitiveness, .the addition of a little solution of 
bichloride of mercury wiU rendear it sensitive. 

Connected with the indications of the Nessler-test we have 
ol^erved a point of some interest^ which deserves to have 
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attention directed to it. We have not met with any base 
except ammonia which gives the peculiar brownish coloration 
with the Nessler-reagont. Amylamine, diamylamine, and piperi¬ 
dine in very dilute solutions give white opalescence or precipitate 
whentreatedwith theNessler-test; naphthylamine, toluidine, and 
nicotine under these circumstances occasion no reaction of any 
kind. (Although, however, these volatile bases cause no colora¬ 
tion, yet their presence more or less affects the tint which am¬ 
monia gives with the Nessler-test, and they thus to some extent 
interfere with the sharpness of the estimation of ammonia.) 

There is, therefore, every reason for believing that the pro¬ 
duction of the brownish tint with the Nessler-test is quite cha¬ 
racteristic of ammonia. The degree of precision attainable in 
reading the indications of the Nessler-test is much greater than 
would be imagined at jSrst sight. The ^ milligrm. of 

NH 3 , in 100 c,c. of liquid is a quantity very easily seen. The 
difference between and of a milligram of NH 3 will, we 
tKiTikj be visible to most people. With practice a higher degree 
of precision is attainable. When, instead of using 100 c.c. of 
water for the Nessler-test, a smaller bulk is taken, the indica¬ 
tions become more delicate. So small a quantity as -nArv ^ 
milligram of ammonia may be seen in a small bulk of Hquid. 

In dbort, the Nessler-determination of ammonia is susceptible 
of tile most wonderful delicacy. 

On referring to the results given by different substances, as 
described in this paper, it will be seen that, putting nitro-com- 
pounds on one side, organic nitrogenous substances in general 
evolve ammonia on being heated to 100 ° C., with strongly alka¬ 
line solution of permanganates. This reaction is very general, 
as an inspection of the very varied list of substances contained 
in this paper is sufficient to show. The compound ammonias 
of all kmds, the amides of the acids, such substances as pipeline, 
hippuric acid, creatine, the natural alkaloids, albumin, gelatin, 
and uric add, evolve ammonia when treated in this way. Even 
so tough a substance as picoKne, which, as is well known, is one 
of the most stubborn of organic compounds, yields ammonia 
when subjected to this treatment. Except in the instance of 
nitro-compounds, urea, and ferrocyanide of potassium, we have 
not met with any unequivocal instance of failure of an organic 
nitrogenous substance to evolve ammonia on being heated to 
loop Ct, with a strongly alkaline solution of permanganate. 
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In the matter of the nitro-compoTmds, there is, be it observed, 
some degree of resemblance between onr process and the Will 
and Varrentrapp process. 

This difference, however, is to be noted. The Will and 
Varrentrapp process gives irregular results when applied to 
nitro-compounds, part of the nitrogen of such compounds forming 
ammonia, and part not forming ammonia. Our process, on the 
other hand, does not convert any nitro-nitrogen into am¬ 
monia, hnt into nitric add instead, being perfectly regular in its 
indications with nitro-compounds. It will be understood that, 
having converted the nitro-nitrogen into nitric add, we may 
snbsequently reduce that add to ammonia by means of alu¬ 
minium, as exemplified in the instance of picric acid above 
described. 

On inquiring into the other peculiarities of structure which 
prevent alkalme permanganate evolving nitrogen of a given 
organic compound in the form of ammonia, our attention is 
arrested by the example of urea, which evolves none of its 
nitrogen as ammonia when so treated. The reason of this 
peculiarity is not fer to seek, being at once visible in the 
formula. Urea is in a sense a perfectly oxidized substance, 
requiring the elements of water to transform it into carbonic 
add and ammonia, and if simply oxidized, would exhibit a 
defidency of hydrogen—there would be COg, and only 4H 
along with the Ng. 

As we have seen, compounds formed by the juxtar-position of 
urea with another substance, with elimination of water (as for 
instance creatine, which, as is well known, is so formed from 
urea and sarcosine) share this property with urea, and do not 
give np their ureic nitrogen in the form of ammonia. Possibly 
uric acid famishes so small a proportion of its nitrogen as 
ammonia, owing to the existence of nitrogen in the ureic state. 
And possibly the non-evolution of part of the nitrogen of 
albumin is due to the same cause. 

On turning to the early part of the paper, it will be seen 
that whilst amylamine, diamylamine, and piperidine, substances 
all derived from homologues of marsh gas, undergo total con¬ 
version iato ammonia, the bases toluidine, napthylamine, and 
nicotine, substances which are derived from hydrocarbons lower 
than the homologues of marsh gas, undergo only a half-oon- 
varsion into ammoiua. This circumstance paints to the 
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concluidon that derivation jfrom a so-called saturated hydro¬ 
carbon implies easy conversion of the nitrogen into ammonia, 
whilst derivation from an unsaturated hydrocarbon interposes 
difSculties in the way of conversion into ammonia. 

The conversion into ammonia of only half the nitrogen of so 
many of the natural alkaloids is an interesting fact. Some light 
is thrown upon it by the example of narcotinc, which although it 
gives up all its nifrogen as ammonia, gives it up only slowly, 
and by dint of putting back the distillaie; it doubtless also 
yields part of its nitrogen as methylamine in the first instance. 
A careful examination of strychnine has disclosed a somewhat 
similar state of matters in the case of that alkaloid. Apparently 
the missing half of the nitrogen in strychnine ptisses pro¬ 
visionally into the state of some volatile alkaloid. As we 
said at the commencement, we reserve the treatment of the 
residual nitrogen for a future occasion. 


XX .—Note <m the Esthnation of Nitne Acid in Potable Waters. 

By Ernest Theophbon Chapman. 

A METHOD for the estimation of nitrogen existing as nitrates 
and nitrites in potable waters, should be at once delicate and 
simple. I have been using for some time past a method wliich, 
in common with Fr. Schulze’s method, depends pn the reduc¬ 
tion of the nitric acid to ammonia by means of almninium in 
alkaline solution. Instead, however, of Ubing a quantity of 
alnmininm known to liberate a known volume of hydrogen, 
when treated with an alkali, and observing the diminution 
caused by the nitric acid, I measure the ammonia foimed, either 
by the Nessler-test or by titration. 

The first thing to be done is to obtain some idea of the 
quantity of nitrate contained in the water. For this purpose 
boil a little of it in a flask with caustic soda, free from nitrate, 
until a sample of it does not colour the Nessler-test, cool, and 
then introduce a strip of aluminixun foil. As soon as this is 
dissolved, decant the liquid into a test-tube, add Nessler-test, 
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and note tlie colour produced; should it be very dark, or should 
a precipitate be formed, either very little of the water (10 c.c. 
—25 c.o.) must be employed, or a tolerably large quantity, and 
the ammonia produced determined by titrcition. It on the 
other hand, the colour is very pale, 200 c.c. will be a convenient 
quantity to employ; for common waters, such as those supplied 
to London, 100 c.c. is ample. For waters of the Loch Katrine 
class, 300 c.c. would be a convenient quantity. 

Having learned what soi-t of water is in hand, measure oflF 
the volume indicated by the preliminary experiments—^introduce 
it into a non-tubulated retort, and add 50 to 70 c.c. of a solution 
of caustic soda containing 100 grms. of soda in the litre. This 
soda must be free fr'om nitrates. If very little water has been 
taken, add some distilled water. The contents of the retort 
are now to be distilled until they do not much exceed 100 c.c., 
and until no more ammonia can be detected in the distiQate by 
the Nessler-test. The retort is now cooled and a piece of 
aluminiam introduced into it (foil will answer very well with 
dilute solutions, but I much prefer thin sheet aluminium in all 
cases). The neck of the retort is now inclined a little upwards, 
and its mouth dosed by a cork, through which passes the 
narrow end of a small tube filled with broken-up tobacco pipe, 
wet either with water, or better with very dilute hydrochloric 
acid firee firom ammonia. This tube need not be more than an 
inch and a half long, nor larger than a goose-quill. It is con¬ 
nected with a second tube containing pumice-stone moistened 
with strong sulphmic add. This last tube serves to prevent 
any ammonia fi*om the air enteiing the apparatus, which 
is allowed to stand in this way for a few hours or over night. 
The contents of the pip&-clay tube are now washed into the 
retort with a little distilled water, and the retort as adapted 
to a condenser, the other end of which dips beneath the surface 
of a little distilled water firee fi-om ammonia (about 70 to 
80c.c.).* The contents of the retort are now distilled to 
about half their origmal volume; the distillate is made up to 
150 C.C.; 50 c.c. of this are taken out, and the Nessler-lest 
added to them. If the colour so produced is not too strong the 

* Oondensers are very apt to contaoxx a trace of ammonxa if they have heea 
BtatLding all nigH and most, therefore, he washed ont with the ntmoat care. 1 
prefer to distil a little water through them xmial 1 can no longer detect ammonia in 
the distUlate. 
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estimation may be made at once; if it is, the remainder of 
the distillate must be diluted mth the requisite quantity of 
water. 

Should it be desired to detenmne the ammonia by titration, a 
much larger quantity of the water must be employed. Half a 
litre or a litre must be eyaporated down to a small bulk, and 
this small bulk treated in exactly the same manner, except that 
the distillate is received in ^ute standard add instead of 
water. 

With regard to the precision attainable by this method, all 
that I can say is, it is limited by the precision of the determinar 
tion of ammonia by Hado Vs quantitative method founded on 
the Nessler^test. therefore, the quantity of nitric acid be 
above **0005 grm. we may be sure of our result to 5 per cent., if 
the quantity be under this, the estimation will be somewhat 
less sharp. Even *00004 grm. nitric add may be detected and 
an estimation made by this method. 

I need hardly remark that the purity of the reagents em¬ 
ployed must be ascertained by making blank experiments. I 
have found common caustic soda, sold in lump, to be firee from 
nitrates. Should the caustic soda contain nitrate, it may be 
purified by dissolving a small quantity of aluminium in its cold 
aqueous solution, and then boiling to expel ammonia. 


XXL —Action of Zinc-ethyl on Nitrom and Nitric ESiere* 

By E. Theophbon Chapman and Miles H. Smith. 

The action of zdno-ethyl on nitrite of amyl resembles the action 
of metals on nitrite of amyl, and both actions are calculated to 
throw light on the mechanism of the solution of metals in 
mtric add. 

In a fonner paper* we showed that when sodium or rinn acts 
on nitrite of amyl, there results nitrogen gas, or mtric oxide, or 
protoxide of nitrogen, according to the metals taken and the 
conditions of the operations, whilst amylate, or amylate and 
oxide of the metal, forms the complementary solid product. 
These reactions may be expressed as follows:— 

• Chapman and BmUh^ Joumid Ohem. Soc., Deoembor, 1807. 
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[ 1 .] .... 

[2.].... + T = ~^|o + m. 


and combming [1] and [2], the formation of protoxide of nitro> 
gen may be explained. 


[3.] .., 


N' 

NO 

CgS 


, fO" 


Na,0 


Jo H- N. 


+ ^ 1 
+ NO/ 


Another kind of reaction, which is a very interesting one, 
and not mentioned in onr former paper, may also be observed if 
the progress of the action of sodium on nitrite of amyl be watched. 
As tibte sodium dissolves in this ether, it becomes more or less 
coated with a black substance, which, however, has only a 
transitory existence^ disappearing as the operation progresses. 
This substance is probably nitride of sodium, and owes its 
formation to the reaction expressed thus ;— 


w 


If" 


ro- 

loi 




+ SNaj = 


Ni 


,0 


tY“‘ 

' 5^11 


+ N^'Na^, 


This equation carries us, so to speak, half way towards 
the generation of nitrogen gas. As will be easily understood, 
the subsequent action of N'^Nag, on the Nitrite of Amyl, com¬ 
pletes the operation for the production of free nitrogen. 

The general modes of action which have thus been sketched 
are suiBcient to render account, both of the reactions between 
metals and nitrite of amyl, and of the reactions between zinc- 
ethyl and nitrite of amyL 

Equations [2] and [4] have their parallels in the instance of 
zino-ethyL Equations [1] and [3] have not yet been shown to 
be illustrated by zinc-ethyl; but no particularly exhaustive 
search has been made for illustrations of these forms of 
reaction. 

TJndilxited zinoethyl attacks nitrite of amyl with great 
violence, bursting out into flame when placed in contact with 
it. If the zinc-ethyl be diluted with ether, its action on the 
nitrite becomes manageable, and may be studied. 
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Zino-etliyl first considerably diluted with ether, and then 
added to an excess of nitrite of amyl. Under these conditions 
the products are a gas, which proved to be nitric oxide, and a 
honey-like solid, which, on treatment with water, gave amylic 
alcohol, common alcohol, hydiide of ethyl, and probably ethyl- 
amyl-ether. In this reaction we have an illustration of the 
kind of change expressed by equation [2], viz.: 


Solid honey-like mass. 


NO 

C,H 


^ Jo + Znm). = Jo + ggjo + 2 N 0 . 


An -will be at once understood, the substance ZnCjEgCgHiiO 
^■which may be -written Zn J "will yield, according to 

{ OTT 
OH ^ 


C^Hg + CgHi^O, and thus we have the production of hydride 
of ethyl and amylic alcohol accounted for. The common alco¬ 
hol, we believe, owes its origin to the action of water on the 
ethyl-amyl-ether, a substance which we believe existed in com¬ 
bination in the honey-like mass. 

Excels of zim-ethylj diluted with five or six times its volume of 
dry etlier^ and made to act on nitrite of amyl, the latter being 
dropt into the zinc-ethyl. Under these circumstances no nitric 
oxide is given off, and hardly any gas is produced. 

In spite of this obvious difference in the phenomena, the 
essential reaction is the same as in the other case where excess 
of nitrite was employed, viz.: 


Solid honey-like mnss. 


* cX}°+° c^:J° 


Instead of there being evolution of free nitric oxide, there is 
absorption of the nitric oxide by the excess of zino-ethyl, and 
formation of Frankland’s double compound of dinitro-ethy- 
late of zinc and zinc-ethyl, which, as is well known, results 
fi»m the action of free nitric oxide on zino-ethyl, thus- 


2NO + Zn(G^g)a = NaCaHgOaZnOaHg. 

The following experimental dhta support the view here set 
forth. 
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Zmo-eikyl diluted with five or six times its voliune of dry 
ether was placed in a retort, the neck of which pointed up¬ 
wards and had an inverted Liebig’s condenser adapted to it; 
nitrite of amyl was added through the tubulure of the retort 
from a stop-cook dropping ftmnel. Great heat was evolved on 
the mixture of the two liquids, and as the nitrite dropped from 
the frmnel into the liquid, each drop left behind it a trail of 
white smoke. After a while an incrustation was formed at the 
end of the funnel, and on several occasions stopped it up com¬ 
pletely. On one occasion however, the funnel was not com¬ 
pletely stopped up, but a minute aperture only was left; this 
caused the nitrite of amyl to be projected in a very fine stream 
against the side of the retort above the level of the liquid. 
The heat developed by the passage of this fine stream of nitrite 
through the atmosphere in the retort was so great that the hand 
could not be borne on that portion of the retort where it impinged. 
When no more action was observed, the excess of ether was dis¬ 
tilled oS. There then remained in the retort, a dear substance 
which had the colour and consistence of honey; it set quite 
solid on cooling. On heating a portion of this substance in a 
test-tube, it first melted and then rapidly decomposed with a 
very slight explosion. On treating the substance with water, 
torrents of gas were evolved, and the substance swelled up very 
much. On adding more water and distilling, the distillate was 
found to contain amylic alcohol and common alcohol along with 
water. On filtering the residue in the retort, and evaporating 
a little of the filtrate to dryness, it was found that the residue 
so obtained still gave a small puff on beating. Carbonic add 
was passed into the liquid, which was then boiled and filtered; 
and by this means a considerable quantity of zinc oxide was re¬ 
moved from it. The liquid was much coloured, and on evapo¬ 
rating it to dryness, though it showed signs of an inclination to 
crystallise, the presence of the colouring matter appeared to 
prevent its doing so. This substance, which was evidently the 
salt of an add, was decomposed by adding baryta-water, and 
then passing carbonic add through it, in the hope that the 
oxide of zinc together with the carbonate of baryta would carry 
down the colouring matter, and so render the substance crys- 
talHsable. On evaporating the solution of this salt to dryness, 
a white or slightly coloured uncrystallisable residue was 
• obtained. It was very deliquescent, and, as will be seen from 
VOL, XXI. 
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tifcie following nttmbers, contained a percentage of barixim cor¬ 
responding with that required by the dinitro-ethylate of that 
base, -3645 gn». of baryta salt giving -2703 grm. of sulphate of 
baryta. Ba per cent. = 48-6. The theory requires 43-49. 
As the copper salt of dmitro-ethylic acid appears to be one of its 
most characteristic compounds, we prepared it from the barium 
salt by adding sulphate of copper, &o. In this way a salt 
was obtained, having precisely the properties described by 
Dr. Frankland, as belongmg to the dinitro-ethylate of copper. 
The percentage of copper was determined, and, as will be seen 
by the following numbers, this determination proves that the 
substance in hand is dinitro-ethylate of copper. *3625 grm. of 
the copper salt gave *0914 grm. of copper, or 25-21 per cent of 
copper. The theoretical quantity for is 

25*35 per cent 

When little ether is mixed with the zinc-ethyl prior to its 
action on nitrite of amyl there is produced tnethylamine as 
follows:— 

2 

■which jUustrates equation [4]. 

The tnethylamine was recognised as follows: It neutralised 
acids, and on being submitted to fbe operation of “Limited 
Oxidation,” gave acetic add amd no other &tty acid. It 
consumed the theoretical quantity of oxygen coiresponding to 
txiethylamine. 

ZisM-eS^l cmd Niirate of AmyL —^When undiluted aano-ethyl 
and nitrate of amyl are mixed together in an atmosphere of 
carbonic add, there is no action at &rst, the substances mixing 
perfectly without apparent change. If this mixture be exposed 
fer an instant to the action of the air, it explodes with a re- 
macisUy -vivid flash of H^t, and a very sharp report. If it be 
gently heated (about 40° C is snffident) it suddenly explodes 
^h a degree of violence whidi is unsurpassed ly any ex¬ 
plosive mixture we have ever met witL 

As in the instance of tiie nitrous ether, dilution with common 
etiier renders -the reaction manageable, and then it is even 
necessary to raise -the tmuperature to ahrat 100^ C. to begin the 
leanlion. The products are those of utter splitting np. 
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By F. Olatoet. 

WoHLEB,* in the year 1832, discovered the dimorphism of 
arsenioTis add, and described small crystals produced by 
sublimation, in a reverberatory fdxnace in which cobalt ores 
had been roasted. 

These crystals, most of which were only of an inch in 
length, were KhiHj colonrless, transparent^ hexagonal plates 
having a pearly lustre, and resembling crystals of stilbite. 
They were flexible like crystallised gypstun, with an easy 
cleavage parallel to the prindpal &ce. They were too small for 
measurement, but their form was incompatible with the mono- 
metrio system, and, from the more recent researches of Pasteur, 
it seems probable that they were derived from the monooKnio. 

This peculiar form of arsenious add has not hitherto, as&ras 
I am aware, been met with in nature. A considerable quantity 
of thin plates presenting all the characters described by 
Wohler, was sent to me for examination by my fliend 
Mr. James Mason, proprietor of the famous San Domingos 
Mines in Portugal, and they were found to consist of pure 
arsenious add. 

Some of these plates are over an inch in length; they are 
colourless, semi-transparent, of a pearly lustre, tough, flexible, 
and easily deavable into thin laminae; there are no perfect 
crystals, but a few of the plates preseut a hemitropy similar 
to that so well known in gypsum, and from this feet it may be 
ferirly infeired that their form belongs to the same system of 
crystallisation. Their specific gravity at 60® Pah. 3*85; hard¬ 
ness 2*5. Under the microscope they depolarise polarised Hght. 

In the state of crystals, this substance is with dMculty soluble 
in cold water, but on digesting an excess during four months 
with the aid of frequent agitation, the water took up 1 per 
cent, of its weight. When reduced to powder, it dissolved more 
rapidly, and in a few days the water had taken up 1*75 per 
cent. It is much more soluble in hot water, and a saturated 

P 2 
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solutioiiy after cooling, retains 2*74 per cent.; a compsiratiTe 
experiment made with ordinary commercial arsenions add gave 
2“76 per cent. 

At a low red heat it volatilizes without leaving any 
appreciable residue. This agrees with the result obtained by 
Wohler, who concluded that the crystals did not contain 
arsenic in a higher degree of oxidation than arsenions acid. 1 
also found, as he did, that it was impossible to reproduce the 
prismatic fonn, either by sublimation or by solution; the crystals 
obtained in these experiments being invariably regular octahe¬ 
drons tetrahedrons. 

The composition was ascertained by oxidising a given 
quantity, with nitric add, and subsequently determining the 
weight of the arsenic add produced by means of oxide of 
lead. 

10 grains gave (mean of three experiments) 11*59 grains of 
arsenic add, the calculated amount being 11*61 (As =s 75 : 
0 = 8 ).^ 

As previously stated this substance was found in the mines 
of San Domingos, and the drcnmstances under which it seems 
to have been formed present peculiar interest. 

The mine consists of a huge mass, of several millions of tons, 
of compact iron pyrites with a certain percentage of copper. 
It likewise contains small quantities of other minerals, and 
arsenic is invariably present. The following analysis represents 
the average composition of the ore:— 


h. 


Sulphur 

.. 48-90 

Arsenic 

•47 

Iron .. 

.. 43-55 

Copper 

.. 3-10 

Zinc. 

•35 

Lead. 

•93 

Lime. 

•20 

Insoluble rock 

-78 

Moisture 

•70 

Oxygen and loss .. 

.. 1-07 

lOO-OO* 


to the pjiite* ylelde taeeg of fhallinm, eohaU, xi.ir.ij 

t aaga n w e, iUtw, and goi4, and ate Moaiioiiallj’ Umnth and anttnun^. 









P!E3£EBr ON THE HTHBIDE OF AOETO-SAXJOTL. 


181 


In the eastern part of the mine a considerable increase of 
tempeoratore gives rise to the inference that spontaneons com¬ 
bustion has been going on for some years. This is attnbnted 
to the oxidation of the broken ore left in the old Roman Work¬ 
ings, which had remained full of water, from the time of their 
abandomnent, until drained by the recent operations of 
Mr. Mason. 

On the water being thus drawn off, the action produced by 
the exposure of the damp pyrites which had accumulated in the 
old mine, resulted in the chemical changes above referred to. 

It is in crevices in the stiU hot ore that these crystals were 
found, lining the cavities. They seem therefore to have been 
produced in the same manner as those examined by WShler, 
but by a far slower process of sublimationB and on a much 
larger scale, which may account for the Uiifge size of the 
crystals. 

With regard to the crystalline form, it may perhaps be 
ascribed to the influence of an atmosphere charged with sul¬ 
phurous acid, which pervades that part of the mine. I propose 
m€^ng a series of experiments with a view of determining 
whether there is any truth in this conjecture, and of ascertain¬ 
ing to what extent the presence of stilphurous acid may modify 
the crystallisation of arsenious add. 


XXin. —On the Hydride of Aeeto-Salkyt 
By W. H. Pebkin, 

In some considerations on the formation of coumarin by means 
of the hydride of sodiurnHsaUcyl and acetic anhydride, whidh I 
had the honour of laying before the Sodety only a shoit time 
since,* I mentioned that the formation of this body appeared 
to be the result of two distinct reactions—the first consisting 
in the replacement of an equivalent of hydrogen in the hydride 
of salicyl by acetyl—^the second in the removal of a molecule of 
water from this acelylic derivative. I also stated that I had 
succeeded in obtaining the body resulting from the first reaction, 
and which I termed the hydride of aceto-salicyl. The present 

* GO of this volume. 
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ft AnfttnnTilA ai:iATi ig intexided to give an acoonxit of the prepara- 
tion properties of this substance^ and to show tuider what 
chrctimstaiices it may be converted into coimiaiiEL 

Hydride of Acetosalicyh 

To prepare this body, acetic anhydride is added to powdered 
anhydrous hydride of sodiuniHsaKcyl suspended in pure dry 
ether—^the reagents being employed in equivalent quantities;— 
chemical action then gradually sets in, the sodium compound 
at the same time losing its yellow colour. After standing for 
twenty-four hours, the ethereal Kquid is filtered off from the 
acetate of sodium which has formed, and evaporated upon the 
waten-bath. In this manner an oily body is obtained, which 
gradually solidifies to a crystalline cake upon cooling. This 
is purifi^ by pressure between bibulous paper, and subsequent 
crystallisation from alcohoL Three combustions of this body 
^ve the following numbers:— 

L *2977 of substance gave 
•7161 of COg, ahd 
*1441 of HjO. 

n, *2286 of substance gave 
•5499 of COg, and 
•1051 of H^O. 

m. *2588 of substance gave 
-6240 of COj, and 
■1171 of HgO. 

These numbers give percentages agreeing with the formula: 
C^sOs, 

as the following comparisons wiU show:— 



tnieoiy. 


Erpeiimeat. 





^1. 

n. 

in.' 

• 

.. 108 

65-85 

65-60 

65-60 

65-75 

Hg. • •. 

8 

4-88 

5-37 

5-10 

5-02 

Oji.«■« 

.. 48 

29-27 

— 


— 


164 

100-00 
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This substance represents the hydride of salicyi with an 
equivalent of hydrogen replaced by acetyl. The formation 
may be expressed thus:— 


Hydride of 
aeeto-salicyl. 


Na 
Hydride of 
fiodiam isalicyL 


Acerie anliydride. 


+ 


Na 

CJSsO 



Acetate of aodioni. 


The hydride of aceto-salicyl melts at 37® C., and solidifies upon 
cooliug into a satiny crystalline mass. At about 253°C. it boils, 
and distils with but little decomposition. It is extremely soluble 
in alcohol, from which it crystallises in fine sOhy needles. It is 
also very soluble in ether. The solutions do not give a purple 
reaction with ferric salts. 

The hydride of aceto-salicyl is an aldehyde and combines with 
the bisulphites. It dissolves easily in the bisulphites of sodium 
and ammonium, and with the former forms a white pasty pro¬ 
duct 5 this, however, dissolves on standing, apparently owing 
to the decomposition of the hydride of aceto-salicyL 
This substwce is also an acetate, and with alcoholic hydrate 
of potassium rapidly decomposes, with formation of acetate of 
potassium and hydride of potassium-saKcyl (salicylite of 
potassium). 



CAg j.0 + H^O. 


It is also decomposed into acetic acid and hydride of salicyi 
by boiling with water. 


Hydride of Aceto-salieyl and Acefie Anhydride. 

The hydride of aceto-salicyl and acetic anhydride, when 
heated together for three or four hours to 150® C., in a sealed 
tube, yidld a dear, slightly brown solution. On agitating this 
witihi a solution of carbonate of sodium to remove any excess 
of acetic anhydride, a oystalline body is obtained, which may 
he rendered pure by one or two crystallisations from 
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aloolioL A combuBtioii of this product gave the following 
ntmibers:— 

•2518 of substance gave 
•3379 of COg, and 
•1226 of HgO. 

These numbers give percentages agreeing mth the for¬ 
mula— 

^ 13 ^ 14^6 “ 

as the following comparisons will show:— 



Theory. 

Sxperime&t. 

156 

58-64 

58-37 

14 

5-26 

5-42 

96 

36-10 

— 

266 

100-00 



This substance is therefore a compound of the hydride of 
acetoHsalicyl and acetic anhydride, corresponding to that 
obtained &om the hydride of salicyl under the same circum¬ 
stances— 

/CO,H \ /00,H \ 

... v- ' '*■"***. ' 

Hydride of salicyl and aceUc Hydride of aceto-salicyl and aeeric 
anhydride. anhydride. 

This compound melts at 100°—101° 0. When distilled it 
decompose the products consisting chiefly of acetic anhy¬ 
dride and hydride of aceto-soKcyL When dissolved in acetio 
anhydride and the resulting solution esposed to the air, it is 
deposited in spl^did brilliant oblique four-sided tables. It is 
earily soluble in hot, but only sparingly so in cold n.1 of^b » l . It 
is also soluble in ether, tetrachloride of carbon, and benzole. 

When it is heated in a sealed tube with water to 100® C., 
fox several hours, the water becomes add, and if the tempera¬ 
ture be maintained at ld0°C. for some time, it is entirely de¬ 
composed into aoetic add and hydride of salicyl. 
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(^o}4 ^ 0 }° + * i}® = ('’4 }o) . 

Hydride of aceto*salicyl and acetic Hydride of saliqyl. 

anhydride. 

8«Wg}0. 

Formation of CoumaHn from the Hydride of AoeiUHSalieyl. 

From the formation of the last-described substance it is 
evident that acetic anhydride does not decompose the hydride 
of aceto-salicyl, even at a temperature of 150® C. I find also 
that no reaction takes place if these substances are distilled 
together, the acetic anhydride first coming over, and then the 
unchanged hydride of aceto-salicyL Moreover, by the distilla¬ 
tion of the combination of these two bodies, only traces of 
coumarin are produced. By what means then did I obtain 
couznarin by heating the hydride of sodium-salicyl and acetic 
anhydride, if the hydride of acetonsalicyl, being the first pro¬ 
duct of the reaction, is not dehydrated by acetic anhydride I 
Simply by what at first sight appeared to be of slight import¬ 
ance, viz., the presence of acetate of sodium as well as acetic 
anhydride. 

On boiling a mixture of acetic anhydride, hydride of aceto- 
salicyl, and acetate of sodium for a few minutes, and then 
agitating the product with water to remove acetate of sodium 
and the excess of acetic anhydride, the remaining product on 
being distilled, at first yields a little acetic acid and anhydride; 
the temperature then rises rather rapidly to 290*5^0., when 
nearly pure coumarin distils over in considerable quantity. 

The remarkable influence exercised by the presence of 
acetate of sodium in the foregoing experiments appears to be 
due to the presence of a sodium-compound analogous to the 
so-called anhydrous bracetate of potassium which G-erhardt 
obtained by heating acetate of potassium with acetic anhy¬ 
dride. That such a sodium-compound is produced I have 
proved by experiment f but why it should be so much more 

* BoDixig acetic aobydride dissolves acetate of sodium, and ilie resdtbg solo- 
tiott on eoolisig deporiis a new eompoond, crysfealMog in needles. when 

purified from adhering anhydride bj pressure between MbidenB paper, and 
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powerful a reagent than the anhydride itself is difficult to un¬ 
derstand. 

It will be seen that the foregoing results corroborate the 
views regarding the formation of coumarin brought forward in 
my previous paper. 

I have not as yet produced the hydrides of butyryl-and 
valyerlnsalicyl, from which the new homologues of coumarin 
were doubtless produced, but hope to do so shortly. 


XXIV .—On the Absorption of Vapours hg Chareoah 

By John Honteb, MA., F.C.S., Chemical Assistant, Queen’s 
College, Belfast. 

The present communication contams a number of es^eriments 
on the absorption of some vapours by cocoa-nut charcoal ex- 
moined since the publication of my former papers on the same 
subject, and also the results of the effect produced by mixing 
together various liquids, of which the vapour-absorption was 
previously known. Ethylamine vapour is largely absorbed, 
one volume of cocoa-nut charcoal absorbing 124*5 volumes at 
lOO^C. The experiments made with iodide of ethyl agreed 
very closely at 100® 0., but at higher temperatures decompo- 
rition appeared to ensue when the charcoal was introduced, 
and the results were of a most contradictory nature, so that no 
number could be fixed upon as representing the absorption. 
By means of the apparatus described in my last paper the 
absorption of vapour of camphor was found to be 25*3 at 
226'1® C., that of naphthaline 80*2 at 230*2® CL, and that of 
nitrobenzol 45*6 at 225*3® G. Iodide of amyl is very slightly 
absorbed, one volume of charcoal absorbing 12*2 volumes at 
161*4® a 

Having determined the absorption of absolute alcohol at 
100® 0., I next examined the effect produced by mixing the 

fiabBequeni dx^ing oyer hydrate of potaBEdom, gaye the following result upon 
axudyffls:— 

of sabslaneegaye *2036 ofsalphaie of sodltim — 12*09 pear east, of sodiiim, 
the fomidft 0tHaNa0s,G4H603 requiring 12 *50 per cent. This sabBtatuse is Tory 
deilqaeaeeni^ and undergoes deoompodtion when expoBod (o the aSr* 
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alcohol in vazious proportions with water, and found that the 
absorption gradually increased with the amount of water added 
to the alcohol. Thus, at 100® C-, one volume of cocoarnut 
charcoal absorbs 141-1 volumes of vapour of absolute alcohol; 
a mixture was then made of 10 c,c. absolute alcohol with 4 ac. 
of water, and the absorption increased to 182*2; 10 c.c. of 
alcohol with 10 c.c. of water, gave a vapour-absorption of 
187*2; 10 C.O. of alcohol with 20 o.c. of water, 246*1; and 
10 c.c* of alcohol with 30 c.c. of water gave 255*4. Similar 
results were obtained when methyUc alcohol and water were 
employed. When we repeat the same experiments at a tem¬ 
perature of 165® to 160® G., tliere is no increased absorption 
on every addition of water; on the contrary, the absorption 
regularly diminishes, as might be expected, when we consider 
the difference between the absorption of water and alcohol at 
these temperatures, the former being absorbed 23*7 times, and 
the latter 87*0. The absorpiion of the other mixed vapours 
examined presents no peculiarity, the result being about the 
mean of the separate absorptions* 

Several experiments were made, in order to determine 
whether any quantity of gas was contained in the pores oi 
cocoanaut charcoal, after being heated to redness out of contact 
with air, then plunged rapidly under mercury, and introduced 
into the vacuum of a barometer. The results of these experi¬ 
ments indicate that the charcoal always contains a certain 
amount of gas within its pores, the average volume given off 
bemg, when reduced to 0° 0- and 760 mm., *015 times the 
volume of the charcoal. AVhen the charcoal had previously 
absorbed ammonia, a portion of the condensed gas escaped on 
the introduction of the charcoal into the vacuum, in four 
experiments the average ahsoxption of ammonia was 170*1 
volumes, reduced to 0® C. and 760 mm*, and the mean quantity 
given 13*1 volumes, 

I employed meteoric iron as an absorbent, heating it in the 
same manner as the charcoal, and then introducing it into 
ammoniacal gas; in no case was any absorption observed* 

In the following tables V represents the number of volumes 
of the vapour absorbed one volume of cocoa-nut charcoal at 
the temperature and pressure at which the experiment is peir- 
formed* T and f are the iuitial and final temperatures in 
centigrade degrees; p and p the pressures deduced by sub- 
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ttaciang the difference in level from llie height of the hero- 

meter:— 








BTHTLAMINB. 




V 

T 

T 

P 



58*9 

.... 187*8* 

183*0® .... 

576*5 

568*7 


561 

.... 182*8 

180*8 .... 

660*1 

639*3 


55*3 

.... 188*5 

189*5 .... 

599-0 

579-4 

Mean.... 

56*7 

.... 186*3 

184*4 .... 

611*8 

590*8 


92*5 

.... 143*8 

140*0 .... 

662*1 

649*6 


89*5 

.... 151*1 

151*5 .... 

682*5 

666-5 


93*0 

.... 1488 

148*8 .... 

678*0 

666-5 

Mean.... 

91*7 

.... 147*9 

146*8 .... 

674*2 

660-9 


129-6 

«... 100*0 

100*0 .... 

700-1 

677*6 


123*4 

...• 100*9 

100*0 .... 

706-8 

695-8 


124*1 

.... 100*0 

100*0 .... 

704-9 

686*4 


121*0 

.... 100*0 

100*0 .... 

702-1 

685*6 

Mean.... 

124*5 

.... 100*0 

100*0 .... 

704-6 

688-8 



xanKTHTiiAumE. 




33*8 

.... 192*3 

192*0 .... 

625-4 

614*8 


85*3 

.... 177*0 

174*0 .... 

510*0 

509*5 


34*8 

.... 178*0 

182*0 .... 

608*3 

600-4 

Mean..«. 

34*5 

.... 182*4 

182*7 .... 

581-2 

574*9 



lODIDB OB HEHTIi. 




88*7 

.... 100*0 

100*0 .... 

680*9 

675*4 


85*2 

«... 100*0 

100*0 .... 

687*0 

680*5 


84*3 

.... 100*0 

100-0 .... 

705*5 

700*0 


88*7 

.... 100*0 

100-0 .... 

704-5 

702*5 


84*1 

.... 100*0 

100*0 .... 

708-5 

700-5 

Mean.... 

86*2 

.... 100*0 

100*0 .... 

697-7 

691*8 



AOBTAXB OB' UETHTIi. 




99*5 

.... 100*0 

100*0 .... 

678*8 

656-8 


97*3 

.... 100*0 

100*0 .... 

677*8 

643*8 


94*3 

.... 100*0 

100*0 .... 

668*5 

644*5 


93*6 

... a 100*0 

100*0 .... 

700*7 

689*2 


94*2 

.... 100*0 

100*0 .... 

700*9 

670*7 

Mean.... 

95*9 

100*0 

100*0 .... 

685-2 

661-0 



OXALIC ETHER. 




58*3 

.... 196*6 

196*2 .... 

580*5 

578-6 


52*7 

.... 194*0 

195*0 .... 

585*6 

579*3 


57*7 

.... 3 98*0 

195*3 .... 

576*3 

571-4 

Mean.... 

56*2 

.... 194*5 

195*5 .... 

580*8 

576*4 



HTDEIDE OF SALICYL. 




4*2*8 

.... 198-0 

197*0 .... 

611*1 

606*6 


35*7 

.... 1960 

196*5 .... 

569*5 

567-8 


36-3 

.... 197-0 

198*0 .... 

585-6 

581-8 

Mean.... 

38*3 

.... 197-0 

197*5 .... 

588-7 

585*4 
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Bteaa... 


Mean... 


Mean... 


Mean... 


Mean*. 


Mean,. 


Mean.. 


SALICYLIC ACm. 


V 

T 

f 

P 

t 

P 

41*3 .... 

2S01* 

280*2* .... 

686-4 

614*7 

42*1 .... 

280*0 

229*3 .... 

677*9 

647*2 

45*4 .... 

230*2 

280*2 .... 

667*8 

649*7 

42*9 .... 

280*1 

229*9 .... 

690*7 

670*6 


lODIDB OF AMYL. 


10*6 .... 

160*5 

162*6 .... 

681*6 

676*0 

12*2 .... 

161*2 

161*6 .... 

679*6 

684*6 

12*9 .... 

162*4 

168*0 .... 

676*8 

672*6 

18*2 .... 

161*6 

162*0 .... 

676-9 

673*9 

12*2 .... 

161*4 

162*3 .... 

678*2 

676*6 


NAPHTHAUNB. 


79*9 .... 

280*0 

230*0 .... 

618*6 

683*9 

80*8 .... 

280*2 

282*5 .... 

689*8 

571*6 

80*0 .... 

280*8 

229*5 .... 

679*8 

661*6 

80*2 •. • • 

230*2 

280*7 .... 

696*6 

572*3 


CAMPHOR. 



22*2 

225*2 

226*3 .••• 

615*2 

604*8 

27*2 .... 

226*8 

227*0 .... 

642*3 

683*2 

26*6 «.«• 

226*3 

227*0 .... 

617*4 

606^ 

26*3 .... 

226*1 

226*4 .... 

621*6 

624*9 


lOTROBBasrZOL. 


47*8 .... 

225-2 

226*0 .... 

689*2 

669*3 

42*6 .... 

224*7 

224-8 .... 

681-7 

664*4 

46*6 .... 

226*0 

227*0 .... 

694*9 

666*3 

46*6 .... 

225*3 

225*6 .... 

686*3 

663*0 


BISULPHIBB OF CABBOB. 


84*8 


192*0 

191*2 

« * 4 a 

601*8 

674*2 

32*9 

«• • • 

192-0 

192*0 

• • ■ « 

682*0 

661*2 

77*6 

.... 

191*2 

190*7 


688*2 

669*0 

.. 81*7 

.... 

191*7 

191*3 

• a »« 

690*3 

6644 



ALCOHOL. 




78*3 

»m m m 

191*0 

190*6 

*a a • 

586*0 

666*6 

72*9 


192*0 

392*0 

« « a * 

672*7 

618*5 

72*7 

• « 

191-7 

190*8 

»a a a 

680*6 

660*9 

72*9 

a • « a 

191*6 

19M 

.... 

679*1 

644*9 



AOETOm. 




60*0 


189*2 

189*2 

a a a a 

666*4 

642*5 

64*6 


190*0 

192*6 

a * a • 

574*8 

661-8 

62-8 

« • • • 

190*8 

191*2 

a « * t 

666*9 

646*9 

.. 62*4 

■ a « f 

190*0 

190*8 

a If • « 

662*0 

660*2 


Mean 
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Kfian.« 


3C6fii&> • 


Heaa*. 


Heaa... 






Xm... 


METHTLIO AJiOOHOL. 


V 


T 

T 


P 

P 

48*9 


191*0* 

191*0® 


605*0 

681*4 

45*0 

• • •• 

191*5 

192*7 

• • • • 

614*7 

589*0 

48*0 


192*0 

198*2 

*4 *« 

627*6 

592*6 

47*3 

• • • * 

191*5 

192*3 

« * « • 

615*3 

687*7 



ALCOHOL. 




83*5 


149*5 

161*5 

• • ■ « 

710*0 

699*0 

86*8 

« • * • 

157*8 

159*0 

• • ■ • 

718*6 

706*1 

89*7 


168*0 

159*0 

■ ■ • « 

711*8 

699*6 

87*5 


158-0 

159*8 

• • • « 

711*5 

697*2 

87*6 


158*0 

1590 

« • ■ • 

709*3 

696*8 

87*0 


156*2 

157*5 

• • • « 

711-2 

699*7 

10 O.O. ALCOHOL ■ 

f 4 0.0. WATER. 


182*9 


100*0 

100*0 


696*5 

662*5 

184*7 


100*0 

100*0 


687*5 

652*0 

181*1 


100*0 

100-0 


690*5 

649*5 

181*2 


100*0 

100*0 


698*5 

661*6 

181*0 


100*0 

100*0 


694*5 

654*0 

182*2 


100*0 

100*0 


695*3 

655*9 

10 C.O. ALCOHOL + 

10 C.O. WATER. 


185*7 


100*0 

100*0 


ino'6 

669*0 

185*8 


100*0 

100*0 


W8-1 

672*5 

190*3 


100*0 

100*0 


?88-r 

692*7 

186*9 


100*0 

100*0 


m-r 

706*7 

187*2 


100*0 

100*0 


728-2 

685*2 

57*7 


158-8 

159*0 


620-7 

681*2 

58*2 


168*0 

168*7 


700-1 

689*1 

59*8 


158*0 

159*0 


708-8 

697*8 

56*9 


158*0 

169*2 


709-0 

700*0 

58*1 


158-2 

158*9 


702-1 

691-^ 

10 o.a ALCOHOL + 

20 o.a WATER. 


248*8 


100*0 

100*0 


716-2 

670*7 

244*7 


100*0 

100*0 


711-7 

665*7 

248*1 


100*0 

100*0 


714-7 

677*7 

248*3 


100*0 

100*0 


720-9 

685-4 

242*8 


100*0 

100-0 


718-4 

677-4 

247*2 


100*0 

100*0 


718-4 

683*4 

248*5 


100*0 

100-0 


711-1 

686*6 

249-3 


100*0 

100-0 


702« 

674*1 

245*7 


100*0 

100*0 


694-6 

658*6 

247*6 


100*0 

100*0 


708-1 

671*1 

242*9 


100*0 

100*0 


709-7 

679*7 

246*1 


100*0 

100 0 


720-6 

675-5 

46*3 


158*0 

159*0 


708-0 

696-0 

50*0 


158*7 

159*0 


700-7 

694*2 

48*0 


158-2 

159*0 


701-6 

686*6 

48*4 


158*8 

158*2 


708-7 

700*7 

47-4 


158*7 

159*7 


707-6 

700*0 

46*8 


158*7 

169*8 


707-4 

702*9 

47*8 


158*5 

159*1 


7(Vl'6 

694*9 
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10 ao. ALCOHOL + 80 WATER. 


V 


T 

/ 

T 


P 

(> 

266-7 

• • •• 

100-0" 

100-0" 


693*1 

660-1 

250-7 


100-0 

100-0 

.... 

694-4 

684-9 

259*4 


100-0 

100-0 

.... 

698*9 

669-4 

258-5 


100-0 

100-0 

.... 

TOlfl 

678-4 

255-5 

• • • • 

100-0 

100-0 


708-8 

667-1 

ms 

a. 

100-0 

100*0 

.... 

698-6 

666-1 

251*9 

* « « « 

100 0 

100*0 

.... 

694*6 

668-1 

258*2 


100-0 

100-0 

.... 

712-8 

668-8 

258-8 


100-0 

100-0 


700-3 

671-8 

254-2 


100-0 

100-0 


701-8 

682-8 

258-6 


100-0 

100 0 

. • • • 

710-2 

6827 

Mean.**** 255*4 


100-0 

100*0 


700*4 

672-4 

88*4 


159-7 

160-0 


708-2 

702*2 

87*2 


159*3 

160-2 

*. * ■ 

706-3 

700*8 

87-2 


159-8 

100-8 

■ • •• 

706-8 

699-3 

37-6 


159-4 

160-2 

• • •• 

707-0 

701-5 

Mean..** 87-6 


159-4 

160-2 


706-9 

700-9 


3OSTHYLI0 ALOOHOL. 



1507 


100-0 

100-0 


709'8 

695*3 


144-5 


100-0 

100-0 


70W 

690*3 


168*2 


100-0 

300-0 


718S 

698-3 


1417 


100-0 

100-0 


708'8 

694-3 


147*5 


100-0 

lOO-O 


708^ 

690-8 

Mean * • • • 

149*5 


100*0 

100-0 


709-9 

593-4 

10 fl.a HSTHYLIG ALCOHOL + 

10 o.a WATER. 


2287 

« a 4 • 

100-0 

100-0 

4 4 4 4 

700-8 

677-8 


229-4 

4 • 4 4 

100-0 

100-0 

4 4 4 4 

845-8 

654-8 


228-8 

4 f 4 4 

100-0 

100-0 

4 4 4 4 

700-8 

879-8 


224-6 

4 • • 4 

100-0 

100K> 

4*44 

711-8 

696-8 


226-6 

« « • « 

100,0 

100-0 

44 4 4 

895-8 

676-8 


223-8 

4 4 • • 

100-0 

100-0 

44 44 

717-8 

698-8 

Mean*. .* 

226-1 

4 4 4 • 

100-0 

100-0 

.... 

895-0 

680'8 


58-8 

4 4 4 4 

159*0 

1597 

44 4 4 

7127 

7047 


58-9 

4 « 4 4 

160*2 

1607 

4 4 4 4 

7127 

7047 


58-2 

4 4 « « 

160-2 

161*0 

4 « 4 4 

781-1 

717-6 

Mean**.. 

58-6 

• « « 4 

159-8 

160*4 

.... 

718-8 

709-0 

10 AO. UEEHTUO ALCOHOL + 

20 0.0 

. WATER. 


263*8 


100-0 

100-0 


712-2 

702-0 


260-4 

• 4 

100-0 

100*0 

•• •• 

702-8 

678-8 


260-4 

4 4 4 4 

100-0 

100*0 


7117 

6887 

Mean.... 

261*8 

• • * 4 

100-0 

100*0 

a . • • 

708-9 

688-2 


47-0 

4 4 4 4 

160-0 

162-0 

. « a • 

702-8 

698-1 


49-4 

4 4 4 4 

160-3 

162-2 

* . . . 

719-1 

711-1 


48-9 

44 4 4 

160-3 

161-8 

• « .. 

787-1 

rm 

Mean 

, 48-4 

• 444 

160-2 

162-0 

• « • • 

719-8 

7087 


« 
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10 0.0. AIiOOHOL + 10 ojo. ACEa^OKfll. 


V 

T 

T 


p 


75*2 .... 

160*8* 

162*0» 


699-7 

682*2 

72-6 .... 

169*0 

160*7 


718*2 

697*2 

72“8 .... 

169*3 

160*2 


708*8 

681*3 

75-7 .... 

169-8 

160*8 


696*8 

672*8 

Mean.... 78*9 .... 

169*5 

160*8 


708*4 

688*8 

10 0.a ALCOHOL -h 

80 0.0. AOEITOHE. 


74*8 .... 

160*0 

161*2 


791*0 

704*6 

69*2 .... 

160*5 

162-3 

. ■ . • 

689*7 

675*4 

74*6 .... 

160*4 

162-2 

.... 

702*7 

687*2 

71*1 .... 

161-0 

163-8 

»• •« 

706*7 

688*7 

UesB.... 72*4 .... 

160-6 

162*2 

.... 

704*8 

689*0 

10 0.0. PBfiCHLOBIBE OP CABBOH H 

10 aa ALCOHOL. 

76*6 .... 

160-8 

162*8 

.... 

714-2 

705-7 

70*6 .... 

159*3 

160-7 

• • • • 

695*8 

686*8 

74*6 .... 

160-2 

160-8 


987-8 

668-8 

Ueaa.... 78*5 .... 

160-1 

161-4 

.... 

699*2 

687*1 

80 0X1. FBBCHLOBIDE OF CAEBOK + 10 ao. ALCOHOL. 

46-8 .... 

160-8 

160*7 

• • • • 

711*7 

704*2 

45-8 .... 

159*0 

160-3 


716*7 

709*2 

40*8 .... 

160*2 

161-2 


714*7 

710*7 

JMj68IL ...» 43*4 .«•« 

169*8 

160-7 

• • • • 

714*0 

708*0 

10 0.0. BISULPHIDE OP OABBOH + 

20 0.0. ALCOHOL. 

89-2 .... 

160*0 

164*0 

.... 

707*7 

686-7 

92*1 .... 

160*7 

163*1 

.... 

706*7 

690*2 

84*4 .... 

160*2 

161-8 

.... 

679*2 

660-2 

Ifcsii.... 88*6 .... 

160*8 

162-8 


697*9 

679*0 


XXY.—CaEGEMTCAL CONTRIBUTIONS. 

By Dr. H. KoLBE. 

1 .—On Carianilie JStAer, 

By Dr. WxLil and Dr. WISOHIN. 

WxTE the e]q>eotatioii that aniline might act on chlorooarhoaic 
elher in the some manner as ammonia, and consequently give 
xise to anthranflio ether, the authors added cfalorocarhonio 
ether (1 eq.) drt^ to aniline (2 eq.) contained in a flask 
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coBnocted ‘vritii an inverted condenser. Under these circozn- 
stances the two bodies combine, with considexaHe evolution of 
heat, and the whole finally solidifies to a crystalline mass. 
If this mass, when cold^ be fireed from adhering aniline by dilute 
hydrochloiic add, then washed several times with coW water, 
dried, and submitted to distillation, a colourless oily d isti llate 
is obtained, which quickly solidifies to a crystalline pulp con¬ 
sisting of slender needles. 

This product has the composition of anthranihc ether, but its 
nligiTnipial behaviour shows &at it contains neither anthraniiic, 
amidobenzoic, paramidobenzoic, nor any known acid isomeric 
with these. It is rather indeed to be regarded as the ether of 
the true carbanilic add, quite distinct from the add formerly 
designated by Chancel as carbanilic add, which was really 
amidobenzoic add. 

It is well known that carbamic add cannot be separated 
from its ether (urethane) without decompodtiou; ueither can it 
be transferred to other bases. In like manner it has not been 
found possible to prepare carbanilic acid in the jfree state, or to 
form any other salts of this add firom the ether. 

Oarbardlic ether mdts at 52^, sublimes in long beautifal 
needles, volatilises without decompositioB, and boils at 288®. 
Its vapours strongly exdte tears. It is insoluble in cold, 
slightly soluble in toiling water, from which it crystallises in 
needles on cooling; easily soluble in alcohol and in ether. 

Dilute adds do not act upon it; but strong aqueous bases 
deoompese it into alcohol, aniline, and carbonic add. Aqueous 
ammonia at 160® converts it into amline, urea, and alcohol. 

Strong potash-ley partly decomposes carbanilic ether into 
oarbonip add, alcohol, and aniline, and the aniline reacts with 
the undeoomposed carbanilic ether in such a manner as to form 
diphenyl-oarbainide or diphenylurea. 


2 .—On Ethylie Sulphocyamte. 

By Mr. IbeIiAN. 

Ethylie Bulphcxyanate decomposes when mixed with alcoholic 
potash solution, even in the cold, wilh separation of potassium 
^anide. Mr. Irelan has examined this process more closely. 
Toil. XXI. ^ 
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and has found that potassium cyanate and pure ethylio bisnl- 
phide are like’vme produced. 

The cyanogen of the ethyKc snlphooyanate is therefore re¬ 
moved without replacement, and then acts upon the potash in 
the same manner as free cyanogen. 

Ethylic sulphooyanate exhibits an exactly similar reaction with 
an alcoholic solution of potassium sulphide, the products being 
ethylic bisulphide, cyanide, and sulphocyanate of potassium. 

Ethylic sulphocyanate suffers a remarkably and^ apparently, 
more complex decomposition when heated to 160** for several 
hours with water. A Wge quantity of gas is evolved, chiefly car¬ 
bonic add; an oily product is formed, apparently consisting of 
ethylic bisulphide; and the aqueous solution contains sulpho* 
cyanate of methylammonimn. 


3 .—Direct Conversion of Ammonio^Cariamate into Urea. 

By Alexander Basaropp. 

From the conviction that urea is not carbamide, but the amide 
of carbamic acid, as represented by the following formulse:— 



Garbamide. 


I have, for several years, made numerous experiments, and 
induced my pupils to make others, with the view of converting 
carbamate of ammonia into urea by direct abstraction of water: 

(CaOa)H2NO.^JNO - 2H0 = 

Carbamate of ammoxiia. Urea. 


After many fruitless attempts this problem has at length been 
solved by Mr. Basaroff. 

CSarbamate of ammonia is easily obtained, pure and in large 
quantity, by passing carbonic add and ammonia gases, both 
perfectly dry, mto cold absolute alcohol, separating the copious 
crystalline predpitate by filtration firom the greater part of the 
fiqmd, and heating it with absolute alcohol in a hermeiically 
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sealed tube to 100®, or above. The liquid on cooling depoEdts 
carbamate of ammonia in large crystalline laminae. 

Basaroffhas analysed these crystals,and found them to agree 
exactly in composition with the formula (C 202 )H 2 N 0 .B[ 4 N 0 . 

The transformation of this salt into urea is effected quite 
simply, as Basaroff has found, by heating it, after perfect 
drying over sulphuric acid, in a strong hermetically closed glass 
tube, to 130®—140® 0., for a few hom's. If the contents of the 
tube-be afterwards heated in the water-bath, the excess of 
ammonia carbamate, volatilises, together with the ammonia 
carbonate produced, and pure urea remains, with all its charac¬ 
teristic properties. 

Basaroffhas since found that ordinary commercial ammonia 
carbonate, when treated in the manner just described, likewise 
yields urea. It remains to be determined whether this carbonate 
of ammonia contains carbamate, and whether this salt is the 
real source of the urea obtained from the commercial caa>- 
bonate. 


4 .—On tJie Electrolysis of Acetic Add. 

By H. Kolbe. 

Having twenty years ago resolved acetic acid into carbonic 
acid and methyl, by the electrolysis of the aqueous solution of its 
potassium salt, I further examined the behaviour of free acetic 
acid towards oxygen evolved by electrolysis, in the hope of 
thereby oxidising it to glycoUic or dioxyacetic add. 

I have lately resumed these experiments, using as the elec¬ 
trolyte, gladal acetic add, mixed with just enough water and 
sulphuric acid to render it capable of conducting the galvanic 
current. For electrodes, I used two platinum plates, which were 
immersed in the Kqtdd without any separating diaphragm, and 
the liquid was kept cool during the electrolysis. 

Ifi after the action of the current has been continued for 
twelve hours, the liquid he freed from sulphuric add by baryta- 
water, and then evaporated, there remains a small quantity of 
a visdd non-volatile substance, which exhibits strong add pro¬ 
perties, and csrystallises slowly over oil of vitriol. 

My expectation that this add might be glycoUic add has not 

Q 2 
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beau rcsblised. Its behaTiotir, and more especially the properties 
of its salts, are quite distinct from those of glyoolKo add, and 
yet its caldnm salt has exactly the composition of glycoUate 
of calcitim. 

The qnantity of this acid obtained being always very small, 
I have not hitherto been able to analyse any of its other salts. 

If the further investigation of this interestmg add should 
establish its isomerism with glycollic acid, the result might, 
perhaps, tend to support the assumption that the four hydrogen 
atoms of marsh gas, or the three hydrogen atoms of methyl, 
are not of equal value. 


5 .—On Meihintrisuljphotm Acid. 

By Dr. Theiletthl. 

As ethylsulphuric add is converted by the action of fuming 
sulphuric acid upon its potassium salt, into the isomeric com¬ 
pound isethionic acid, it appeared probable that methylsul- 
phuiio add would, under similar circumstances, be converted 
into a homologue of isethionic acid. 

The experiments xmdertaken with this view by Dr. Theilkuhl 
have not hitherto yielded the desired result, because the action 
of the sulphuric acid goes too frir; but they have led to the 
discovery of another compound, forming the first member of a 
hitherto unknown series of acids. Dr. Theilkuhl has, in feqt, 
discovered that the action of faming sulphuric acid on methyl- 
sulphate of potassium, gives rise to a tiibasic trisulphonic add, 
coirespondiog to the tricarbonic and carbosulphonic acids, and 
having the composition. 


r 1 

(C^Hr ^|,g^j03.3H0. 

This add he designates as methin-trisulphonic acid. 

The reaction above mentioned might be expected to give rise 
to oxymethmtrisulphonic add, according to Ihe equation: 


A)0* + 2S A = r to' 10,. 2H0. KO 

L J 


IbOjlsidsIuae 


OxTSt^intzisolphoiiate oFpofa«iiuiu 
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Tbis acdd coidd not, lio\!fr’eyer, be detected; it ie probablj 
reduced, as soon as formed, to methinirisolphonic acid, by the 
snlphtorons acid produced at the same time* 

Methintzisnlphoznc add is a very strong and permanent add, 
easily soluble in water, crystaDisable, and forming beautzfhUy 
crystalline salts with various bases* The barinm salt is very 
slightly soluble in water, and is predpitated in the corystalline 
form on mixing the solution of the add with chloride of barinm, 
even when the solution contains a large quantity of free 
sulphuric add. 

Dr. Theilkuhlis now endeavoming, by suitable modification 
of his experiments, to obtain the compound (G2H302)[S304]0.H0, 
homologous with isethionic acid, and hopes, by means 


of it, to produce also the 
homologous with taurine. 


compound Cg [SgOJOJEO, 


XXYI .—On the Canstituiion of GlyosyUo AtAL 
By W. H. Pebkin, F.R.S., and B. F. Duppa, FS.S. 

Ws have been prevented, by a variety of circumstances, from 
pursuing an investigatiou publidied some years ago in the 
Journal of this Society,* in which we, cursorily and without 
giving numbers, stated that we had obtained from dibromacetic 
add, or more coixeotly bromoglyeollate of silver, “a new add, 
having the formula C2H4O4.” This add has since been re¬ 
garded as gly oxylio add. 

We now beg to lay before the Sodety, the analysis on wUdi 
our assertion was founded, together with other matter since 
obtained, which may prove of use in helping to dear up the 
question as to what is the probable constitution of this add. 

Before directly describing the production of the add above 
referred to, it is necessary to enter a little into some of the 
details pursued by us in ihe production of the substance with 
whidi we started, viz., of pure dibromacetate of silver. 


^ Chem. Soc. Qn. 
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Dibromacetic acid, as is well known, is difficult to obtain 
in a state of absolute purity, the impurities consisting of 
traces of monobromacetic and hydrobromio acids. As distilla¬ 
tion was found incapable of separating the last traces of mono¬ 
bromacetic acid, the following method, founded on the great 
difference between the solubilities of the two amides, mono- 
and dibromacetamide, was adopted. 

Crude dibromacetic acid y^as raised to a temperature of 140 ° 
— 150 ® C., in a retort, and alcohol slowly added; this imme¬ 
diately etherified the acid, every trace of which was converted 
into ffibromacetate of ethyl, containing a trace of monobrom- 
acetate of ethyl, both of which distilled over as soon as formed, 
together with water and a little alcohol. To this crude product 
an aqueous solution of ammonia was added in small portions, 
the mixture being well shaken at each addition, and care being 
taken to avoid any great excess of ammonia. The mixture 
was now allowed to stand for some hours, when an abimdant 
crop of crystals of dibromacetamide made its appearance; this 
was filtered off from the mother-liquor, well washed with cold 
water, and purified by being re-crystallised from alcohol and 
water, and again washed. The mother-Kquors and washings 
yielded further crops of ciystals of dibromacetamide, on being 
evaporated on the water-bath. This amide was the source 
from which we obtained the pure dibromacetates used in the 
course of this investigation. 

For the conversion of the amide into dibromacetate of silver, 
the following method was pursned: CrystalB of dibrom- 
acetamide were placed in a stoppered bottle, with a large 
quantity of water, and aqueous solution of hydrate of potassium, 
added in small portions, and* the whole well shaken at each 
addition, the amide being kept in excess; the temperatm’O 
during the operation was kept as low as possible by means of 
ice and water, otherwise bromide of potassium was formed, and 
an impure salt the result. The excess of amide was then 
filtered off from the solution of potassium salt formed, and the 
liquid, which was very alkaline from the ammonia generated in 
the re-action, was neutralised with dilute nitric acid, and then 
a few drops more of the same acid were added to render the 
solution decideclly acid.* Into this acid solution nitrate of 

* ThSs was done for the purpose of asceit^ing when all the nittate of silyer had 
been wiBhed cm^ fear the salt was washed until the washings were neutral to test paper. 
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Eolver was poured until no further precipitation took place, and 
the whole was allowed to stand for three or four hours. K the 
operation, as above indicated, be properly performed, the re¬ 
sulting precipitate will consist entirely, after thorough washing 
with cold water, of pure dibromacetate of silver. 

Bromoglycollic acid is prepared by taking some freshly pre¬ 
pared dibromacetate of silver, placing it in a flask, adding 
water in sufficient quantity to form a deep layer over it, and 
heating the whole to 100 ° C., and lastly allowing it to boil xmtil 
no further formation of bromide of silver takes place; this is 
readily known by the aqueous layer losing aU turbidity, and 
the metallic bromide appearing as a brilliant yellow curdy 
mass. The liquid filtered off from the bromide of silver 
contains the bromoglycollic add in solution. 

When bromoglycollic acid is treated in the cold with 
carbonate or hydrate of silver, a white crystalline salt is pro¬ 
duced, conbisting of bromoglycoUate of silver; but as it is 
difficult, when operating in this manner, to avoid an excess of 
diver, we found it best to convert the add into the potassium 
salt, and then add nitrate of silver, by which means no excess 
of silver could be present, after the predpitated salt had been 
well washed- 

By boiling this bromoglycoUate of silver with water, the 
whole becomes yeUow from the formation of bromide of silver, 
the add to whiA we assigned the formula C2H4O4 being found 
in solution. 

This acid has been called glyoxylic acid, owing to its 
possessing the same composition as that originaUy assigned 
by Dr. Debus to the acid obtained by the oxidation of 
alcohoL 

Wishing to compare the salts of our add with those obtained 
from Dr. Debuses add, we oxidized some alcohol with nitric 
acid, and prepared the glyoxylates of caldum and silver. On 
comparing these salts with those obtained from our own add, 
we found them to agr^e m form and general appearance, with 
the exception that the sflver salt of Dr.Debus’s acid blackened 
when exposed to light, whilst the corresponding salt obtained 
from dihiomacetic add remained unchanged even after many 
months^ exposure to daylight. This, however, can scarcely 
be regarded as evidencing a difference between these two 
compounds, as the presence of a veiy minute quaniily of 



m 
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a foioigzL body will often oanse a flilT€ar salt to blacken veiy 
rapidly. 

Dr.Debns has shown that onr calehnn salt possesses the same 
solubility as his own, and also that when boiled with hydrate of 
calcinm, it undergoes the same decomposition.* Onr experience 
perfectly confirms this latter statement. 

We have discovered a very characteristic reaction for gly 
oxylic acid, dependent upon the rapid manner in which its 
aniline salt undergoes decomposition. When a solution of 
glyoxylate of calcium is mixed with a solution of oxalate of 
azdline and the resulting oxalate of calcium filtered a colour¬ 
less liquid is obtained; but if this solution be boiled, or even 
left to stand for a few hours, an insoluble bright orange-coloured 
predpitate is formed. We find that both adds give the reaction, 
affording further evidence of their identity. 

We here append analyses of silver and caldum salts, made 
from the adds obtained from the two separate sources. 

L ‘1090 of silver salt gave 
•0478 of OOg and 
•0170 of HgO and 
'0592 of metallic silver. 

n. *2456 of substance gave 
•1072 of OOg and 
•0388 of H^O. 

in. -3748 of substance gave 
•1694 of COa and 
•0736 of HjjO. 

IV. *3905 of substance gave 
•1681 of COg and 
•0606 of HjO. 

V* *3113 of substance gave 
•1693 of silver. 

VI. *2404 of substance gave 
•1302 of silver. 

These numbers when calculated out, are found to agree with 
the fonmula— 

CjHjiAgO^. 


* JOQXB. diem. Soc., Sar. II, toI ir, p. IS. 



ON THE OONSOTtmON 


OEkleolated. 

I. 

IL 

Os*. 24 

12*06 

11-96 

11*90 

Hs** 8 

1*61 

1-78 

1-76 

Ag..l08 

54-27 

54*81 

• » 

O4.. 64 

82*16 

• • 

a « 


199 100*00 
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m. 

rr. 

T. 

VI. 

Mean. 

12*32 

11*78 

• * 

% • 

11*97 

2*18 

1*78 

• • 

• * 

1*86 



54-88 

54-15 

54-28 

•• 

«• 

•* 

• a 

81*89 

imo 


In the 9 >boye table of analyses, Nos. I, II, and HI were made 
with acid prepared from dibromacetio acid as jiist descnbed; 
the analyses lY and Y were made by ns in 1858, and on these 
numbers we made the statement that we had obtained an acid 
haying the composition C 2 H^ 04 . No, VI is a silver deteimina- 
tion, made from a silver-salt obtained with Dr. Debuses acidL 
The calcium salts of the two different acids famished us with 
the following numbers:— 

L '0924 of glyoxylate of calcium prepared from 
dibromacetic add gave 
*0562 of sulphate of caldum, 
n. *2758 of glyoxylate of calcium made from 
oxidized alcohol gave 
*1234 of carbonate of caldhim. 

These analyses give numbers agreemg with the formula— 

02H3Ca04, 

€U9 seen below:— 

OaSsulated. Found. 


Cj sa 24 

21-62 

L 

n. 

H, = 8 

2-70 

— 

— 

Oa r= 20 

18-02 

17*91 

17*89 

P 

II 

57-66 

— 

— 

111 

100-00 




From these results we may conclude, with Dr. Debus,* 
that the acids derived from alcohol and dibromacetio acid are 
not only identical in their reaotioius, but also in their composi¬ 
tion. 


* Jonnu Okem. Soc,, Sdr. JX, T<d. ir, p.JL9. 
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Having thus fer established the identity of these two acids, 
we proceeded to make experiments with the view of ascertaining 
what is the true formula and constitution of glyoxylio acidl 
From the labours of Keknle, we know that monochlor- 
acetate of potassium, on being heated, splits up into chloride 
of potassium and glycolKde, a little glycollic add being formed 
at the same time, owing to the difficulty of getting this salt 
perfectly dry. TVe have also found that dry monobromacetate 
of potassium yields glycoDide in very large quantities. Dr. 
Debus has further pointed out that perfectly dry chloracetate 
of potassium, when heated, should yield nothing but chloride of 
potassium and glycolHde,* thus— 

CgH^aKOa == + Ka 

Chloracetate OlyeoUide. 

of potaesiiim. 

If we treat dibromacetate of silver in a similar manner, we 
obtain an analogous result, viz., bromide of silver and a sub¬ 
stance which is evidently bromoglycollide. 

We find that if dry ffibromacetate of silver be heated with 
pure dry ether in a sealed tube, it is converted into a yellow 
powder. The ether with which it has been heated, on being 
tested with litmus, is found to be neutral, and on being evapo¬ 
rated is found to contain nothing. 

If water be added to the yellow powder, it will be found to 
dissolve nothing, but i^ on the other hand, it be treated with 
hydrate of barium or potassium, a bromoglycollate of barium 
or potassium will result, and if the said salts be boiled with an 
excess of either of the above hydrates, then a metallic bromide, 
oxalate, and glycoUatef will be produced. 

* Chemical Gazette, zri^ p. 297. 

t We here append the an^yses of the gljcollates of silyer and barium, prepared 
ftom the piodnet of the abore reacUon. 

J. *2296 of glyeoUate of barium gave— 

*1864 of salivate of barium, correBponding to 47*73 per cent, of barinm. The 
formula C 2 HjBa 03 reqturing 47*73 per cent, of barixun. 

IL *2246 glycollate of aUver gave— 

•18500 CO 3 
*0874 H 3 O and 
•1380 of Ag. 
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By tlus reaction we obtain in the ydlow powder broxoide ot 
silver and insoluble bromoglycollide, and this latter^ when 
treated with a hydrate yields a bromoglycollate. The last 
change is caused by the formation of a glyosylate which, with 
the excess of hydrate employed, decomposes into a glycoUate 
and oxalate. The fiist two changes may be repiesented 
thus;—- 



Bibromacetote 

Bromo^ collide. 

of silver. 

M 

^H}o = r«{|o 

Loo-• 

IcOMO 


Bromoglycollida Heiallic bromo* 

glycoUate. 


Beasonmg fiom these results we concluded that, if dibrom*- 
acetate of silver, when heated alone or with dry ether, yields 
bromide of silver and an anhydride, then bromoglycollate of 
silver ought, in like manner, to yield bromide of silver and 
an anhydride, and not an acid as proposed by Dr. Debus, who 
writes the decomposition thus:— 


CaHjBrAgOa = GaHjOa + AgBr. 
Bromoglycollate of Glyozylie 

adrer, acid. 


To test this point by experiment, dry bromoglycollate of 


These numbers coireq^d with those leqafred by the formula CfsHsAgOj,. 




Calcnlated. 

Found. 

0,. 

. 24 

13*11 

mo 

H.. 

. 8 

164 

1-86 

Ag..... 

.108 

59 01 

59 21 

0,. 


26 24 

26'05 
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sHver ms heated •with piire diy ether in a sealed tobe; this 
famwTin/l a ydlow powder insolnble in ether, and yieJding no 
soiit of add to that snbstanoe, as it remained perfectly nentral, 
•whereas had ^yosylic add been produced, it would [^•ve been 
found in solution. Water also did not dissolve anything from 
this yellow powder; but on boiling it -with hydrate of barium, it 
qni(My yielded the products of the decomposition of glyoxylio 
add, viz, an oxalate and glycoHate, sho-wing that glyosylio 
is found only lay the hydration of the organic portion of 
the yellow powder. 

go for this reaction appears condusive as to the foot of an 
anhydride and not an add being formed by the action of heat 
i^Ksn dry hromoglycollate of silver. The reaction may be thus 



BromoglycoUate Glyozylide. 
of ffilver. 


Wishing farther to test the correctness of this equation, we 
decomposed hromoglycollate of silver in the presence of a 
•water-molecule of such a nature -that we might be able to trace 
the position taken up by the atoms of hydrogen; for this pur¬ 
pose we employed absolute alcohol. 

Now should the product C^ 2 ^i pi^oduced from bromogly- 
coUate of dl-ver be an add, as Dr. Debus considers it to be, we 
should obtain the foUo^wing result:— 

CiftOs ■+• EtHO « CaHEtOj + HjO. 

CBjvxyliit a(M$ Glyoijlio eUiert 

In this case we should obtain an add liquid and not a neutral 
one, on account of the pr^enoe of water generated m the 
reaction, as this, according to the researches of Berthelot,* 
would prevent perfect eihetifioation. 

* BficiiQEicfaw SOT IfiBDd la &naft^cHL otlftd^isompnsitioxides par 

lOL Bertbelot efc F6an de Saint Gillea. Paris> 18d2. 
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If on the otibier hand it be an anhydride, we should get the 
following reaction: 

EtHO = 02H^Et04. 

Gljoxy]ide« CQyozybs ether* 

There is still another reaction jnst possible, and that is the 
formation of an ethylglyoxylate of ethyl: 

HO + HgO. 

LEtO 

-GOEtO 

Etli^lg-lyoxylate 
of ethyl 

But in this case we should again obtain an acid solution, on 
account of the water formed in the reaction. 

With the view of ascertaining which of these three reactions 
took place, dry bromoglycollate of silver was heated with a 
large excess of anhydrous alcohol for several hours in a sealed 
tube in the water-l^th. On examining the tnbe, it was found 
to contain a dear liquid and a bright ydlow powder. Test- 
paper was applied to the liquid, which proved to be totally 
neutral; the test-paper moistened with the liquid was now 
brought into contact with a drop of water, when it immediately 
began to turn red, the red colour in the course of a few minutes 
reaching its maximum, proving very plainly that an ether was 
undergoing decomposition. After the Kquid had been decanted, 
the excess of alcohol was evaporated off in vacuo, and a raiher 
thick neutral liquid remained behind, which was perfectly 
soluble in water, to which it quickly commumcated an add re¬ 
action. This no doubt was glyoxylic ether, produced accord¬ 
ing to the second reaction described above. As a further 
proof of its being a glyoxylate, a little was added to a 
solution of hydrate of calcium, when it produced a perfectly 
dear solution which, as soon as boiled, gave the reaction so 
characteristic of glyoxylate of calcium. 

Not feeling satisfied of the ether being so perfectly free from 
alcohol as to fit it for analysis, we attempted to distil it, when 
unfbrtunatdy it suddenly underwent decomposition. From 


ro{HO + 2|*|o = 

i ~7> 

Leo-' 

Glyozylida 
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want of 3 naierial we were xoiable to prepare a further quantity 
of this ether. 

Being foiled in our attempt at the production of glyoxylic 
ether sufficiently pure for analysis, we thought it desirable to 
attack the subject from another side, viz.: the readiness with 
which hydroxyl, HO, is replaced in adds and other bodies by 
diloriiie or bromine when submitted to the action of the 
chlorides or bromides of phosphorus. This suggested to us 
the idea that, should the constitution of glyoxylic add be such 
as we supposed it to be, and the acid derived from alcohol be 
identical with that derived from dibromacetie acid, then, by 
treating Dr. Debus’s acid or its salts with pentachloride or 
bromide of phosphorus, we ought to obtain the chloride or 
bromide of dichlor- or dibrom-acetyl, according to the following 
equation: 


.c|hO + SPBr^ = .cl 

11?^ 1 I 

LnOHO Lcoi 


^COHO 

Olyosylic ftcid. 


rC4 Br + 

4 iBr 
LcOBr 

Bromide of 
dibromacetvl. 


SPBr.O + 3HBr. 


The reaction is analogons to that which takes place when 
glyeoUic add is distilled witii pentachloiide of phoephoms; 


H + 2PCLO + 2Ha 

I Id 

'-coa 

Chloride of 
chloiaeefyl. 


(-04 H + 2 PCI 5 

I IHO 

InoHO 


»-COHO 

Gl^eollie add. 


Acting upon this suggestion, we submitted perfectly dry 
glyorylate of calcium with a sufficient amount of the pentabro* 
mide of phosphorus, to distillation; hydrobromic acid was 
evolved, and a mixed liquid consisting of oxybromide of phos¬ 
phorus and another substance came over. The mixed liquid 
was added in small portions to an excess of alcohol, and when 
all action had ceased, a large quantity of water was added, 
causing the immediate separation of a heavy oil. This oil was 
separated from the supernatant liquid, washed with water, and 
was found to possess all the irritating properties of dibromacetie 
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ether. On adding ammonia to this substance, in the same 
manner as described in the preparation of dibromacetainide, 
an abundant crystalline precipitate was produced. This, on 
being recrystallised, was found to possess both the form and 
characteristics of dibromacetainide. 

To prove the identity of this substance the following analyses 
were made:— 

L '2505 of substance gave 
•1010 of CO 2 and 
•0374 of HgO. 

n. •1430 of substance gave 
•2464 of AgBr. 

HI. *4168 of substance gave 
*7258 of AgBr. 

These numbers give percentages agreeing with those calcu¬ 
lated from the formula— 



Calculated. 

OaEaBrjNO. 

Pound. 


Mean. 




L 

II. 

IIL 


Ca. 

24 

11-06 

10-99 

— 

— 

10-99 

H 3 . 

8 

1-38 

1-65 

— 

— 

1-65 

• • • • 

160 

73-73 

— 

73-32 

74-10 

73-71 

N. 

14 

6-45 

— 

— 

— 

— 

0 . 

16 

7-38 

— 

— 

— 

— 
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100-00 






To show that this substance was really ordinary dihrom- 
acetamide, we treated it with soditun amalgam and water, when 
the following decomposition toot place:— 

C 3 H 3 Br 3 N 0 + 4Na + 2 H 2 O = 

Dibromcetaniide. 

CaHaNaOg + 2 NaBr + NaHO + NH 3 . 

Acetate of sodium. 

These results show clearly that the liquid accompanying the 
oxybromide of phosphorus was the bromide of dibromaoetyl, 
which, by the action of alcohol, was converted into the cor¬ 
responding ether, and this in its turn when treated with 
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aTnmonia decomposed^ Tieldmg dibroxnacetamide, iJms faxifaer 
confirming our view of the constitution of ^yoxyKo add. 

If we now take a general view of the resiilts of the various 
experiments described in this paper, we shall see how eadi 
step forward in this enquiry is supported by those which 
preceded it. 

We first find, as is agreed on all hands, that a metallic chlor- 
acetate, or bromacetate, when heated alone, yields nothing but 
a chloride or bromide and glycollide, but when heated with 
water yields a chloride or bromide and glycollic add. 

I. II. 

JH ^ "7i ^ ri ' 

C H =,CiH + MBr, .0^ H + BLO = H + MBr. 

> I 6 I 

MO 'CO-' 'COMO 'COHO 

Metallie Gl^ooUide. HetalHc broinaeetttte. GljcoUie add. 

bromacetftte. 


We then find that when a dibromacetate is heated alone, and 
also in the presence of water, analogous reactions take place. 


n. 


fH rH 

,c4Br= fCiBr + MBr. 

p-®' H 

’cOMO KJO-* 

HetaSIic 
dibionuteetaie. 


■{ 


H 

Br 

Br 


Braiao- 

glyeollide. 


f 

WMO 

Metallic 

dibromacetate. 


fH 

HjO = (C< Br + MBr. 

I Iho 

^COHO 

Bromoglycollic 
acid. 


And, lastly, that hy heating a bromoglycoUate alone, we 
obtain, as in Ihe two preceding examples, a neutral body and 
a bromide, and, if water be present, an add and a bromide. 
From this we conclude that perfectly analogous equations to 
those used above wiH express these two reactions: 

I. n. 

^ .— ^ . ^ . . . ■' ^ ' . ^ 

rH rH fH fH 

(C4 HO = fCj HO + MBr. HO + H-0 = ,0J HO + MBr. 
I^Br J I-^ I -tBr J [.HO 

COMO 'CO-• 'COMO WHO 

MdM)»banQH GlyosyUde. Metallic Glyoaylic acid. 

bromogiyeoUata 
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^ This last equation we farther corroborated by the decompcs 
sition of bromoglycollate of silver in the presence of alcohol^ 
whereby a neutral ether only was produced. 

To ferther support our views of the existence of HO in the 
places previously occupied by bromine, we reversed our mode of 
proceeding and again placed the bromine in its original position, 
this change being effected by means of pentabromide of phos¬ 
phorus ;— 


( 

'H 

f 


HO 4 3PBr. = 

fC4 

i 1 

HO 

■{ [ 

’-C( 

5mo 

*“00 


H 

Br + SPOBr* + MBr + 2HBr. 
Br 


Metallic 

glyoxylate. 


T 

Bromide of 
dibroxoacetyL 


The resulting bromide of dibromacetyl was converted into 
dibromacetic ether, then into dibromacetic, and, lastly, into 
acetic acid, thus completing the circle of transformation back 
to our original starting-point, viz., acetic acid. 

We are therefore forced to conclude, that glyoxylic acid, 
whether obtained from acetic add or alcohol, possesses the 
formula— 


GAO. 


{ 


c(iEo 

LHO 

COHO 


which, as shown in our previous paper, bears a relationship 
to a triatomic alcohol similar to that borne by glycollio add to 
a diatomic alcohol. 

Dr. Debus gave the formula, OjH^Og, to glyoxylio add, from 
the analysis of the ammonia salt, all other salts giving numbers 
corresponding to CyS^O^. Seeing the rapidity with which 
glyoxylate of aniline changes, may not the ammonia salt like¬ 
wise change^ and, when dry, correspond to an amide, which, on 
being dissolved in water, is again converted into the am¬ 
monia salt ? 


ijPPENDIX. 

Since writing the foregoing paper, we have made a few fur¬ 
ther experiments on the formation of glyoxylic add. We have 
already shown that when bromoglyooHate of silver is decom- 
VOL. XXI. ® 
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posed hj heat alone, or in the presence of dry ether, glyoxylio 
acid is not produced, but a yellow powder, consisting of bromide 
of silver and an insoluble organic body, is the result. This 
organic body we regard as the anhydride of glyoxylic acid, 
analogous to glycoUide. It appeared to us that, could we obtain 
a similar decomposition with some other metallic derivative of 
bromoglycoUio acid, containing a metal capable of forming a 
bromide easily soluble in water, we might obtain this anhy¬ 
dride in a separate state. Acting upon this suggestion, we 
prepared a small quantity of the bromoglycollate of sodium, 
carefiilly dried it, and then heated it in the aip-bath to a tem¬ 
perature of 120® to 130° C.; at this temperature it gradually 
decomposed, and on the addition of water was found to be 
principally converted into bromide of sodium and an insoluble 
amorphous white powder. 

The white powder dissolves perfectly in bofling water, form¬ 
ing a strongly add solution; and this, if heated with hydrate of 
barium, immediately yields a precipitate of oxalate. ’When it is 
neutraHzed with an alkali and then treated with an aniline salt, 
a yellow predpitate is produced. Both of which reactions 
prove the presence of glyoxylic acid. 

We therefore regard this substance as pure glyoxylide, having 
the formula CaH^Og, as shown by the following equation repre¬ 
senting its formation:— 




H 

HO = 
[^Br 


^CONaO 

Bromoglycollate 
of sodium. 


3 IHO + NaBr. 

~b 

CO-' 

Glyozylide. 


{ 


This substance dissolves very easily in aqueous ammonia, 
producing a solution which is evidently a glyoxylate, as it gives 
the ydlow aniline reaction j&eely. 

GlycoDide, with aqueous ammonia, yields glycollamide; this 
substance ought, therefore, under the same drcumstanoes, to 
yidd glyoxylamide; but it would appear that this amide, as 
soon as formed, assimilates water and becomes an ammonia salt, 
a result which bears strongly upon the concluding remarks of 
our paper. 

We hope to make further experiments with the anhydride, 
mA to establish its finmula by quantitative experiments. 
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XXV ll .—On the Solubility of Xanthine (jfrie Oxidi^ in dUvJte 
HydrocKlo^ie Acid* 

By H. Benge Jones, M.D., F.B.S. 

In the Journal of the Chemical Society, voL xv., 1862, p. 78, 
1 have published a note on a deposit of crystallised xanthine ia 
human tuine. 

The deposit dissolved in dilute hydrochloric acid, and when 
evaporated to dryness gave microscopical six-sided laminar crys- 
tal% which were so remarkable, that a sketch of some of them 
was given. 

The solubility of the crystalline deposit in hydrochloric acid 
led to a doubt whether the substance really was xanthine, for 
in many chemical books xanthine was said to be insoluble in 
hydrochloric add. Liebig and Gmelin* say, “in hydro¬ 
chloric or oxaKc add, xanthine is not soluble, or only very 
slightly, and by this it may be distinguished from cystine.” 
Berzelius in his Chemist^ repeats this statement on the 
above authority. Dr. Golding Bird, in his book on Urinary 
Deposits, 1844* p- 108, says, “uric oxide is insoluble in hydro¬ 
chloric acid,” and Professor Fownes, in the jBrst edition of his 
Chemistry, p. 525, says, “xanthio oxide is not soluble in hydro- 
dhlorio add.” Lehmann (Physiological Chemistry, voL i 
p. 145), says it is distinguished from cystine by its insolubility 
in hydrochloric add. 

On the other side, Dr. Mar cet, the discoverer of this substance, 
in his book on calculous disorders, p. 106, says, “ the mineral adds 
also dissolve it, though not near so readily as the alkalies. The 
residues of its solution in the muriatic and sulphuric adds are 
white.” Schlossberger, in his Chemistry (fifth edition, p. 580), 
says, “ contrary to what has been stated, it dissolves in minerd 
adds, freely in hot hydrodblonc add, and on cooling the combi¬ 
nation with hydrochloric add is deposited in a crystalline form.” 

A section of a calculus of this substance weighing 19 grains, 
removed from a boy four years old in the Punjaub, having been 
discovered by Mr. T. Taylor, in the collection of the College 
of Surgeons, a very small portion was given to me to determine 
whether it was soluble in hydrochloric add, and whether it 
would give the six-sided crystals which I have described m the 
Journal of the Chemical Sodety (vol. xv, p. 78). 

* Ansu Ob. Fbano. zxri, SiO. 
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The stone consisted entirely of dark brick-colonred xanthine. 
It gaTC the characteristic yellow reaction with nitric acid 
becoming reddish with ammonia or potash. It was distinctly 
soluble in dilute hydrochloric acid, even in the cold; it dis¬ 
solved much more rapidly when heated; and on evaporating 
the solution to diyness, it gave the most oharacteristio, micro¬ 
scopic, six-sided crystals, soluble in water. 

The calculus dissolved in dilute sulphmio acid, and on evapo¬ 
rating the liquid, and examining the residue by the microscope, 
very distinctive tufts of acicular crystals were obtained. 

The solution in nitric acid also gave microscopic crystals; but 
these were much less distinctive than the crystals from the 
hydrochloric or sulphuric acid solutions. They had more^ 
resemblance to the crystals of xanthine that were met with in 
the urine, of which a Rawing is given in my former note. 

Having thus found that, as regards the solubility in hydro¬ 
chloric add, and the form of the crystals deposited on evapora- i 
ting the solution, xanthine agreed perfectly with the deposit 
which I have described, I endeavoured to obtain the same 
crystals that I found in the urine, by dissolving the powdered 
xanthine in healthy urine. 

The xanthine dissolved slightly in healthy add urine by 
the aid of heat, but on allowing tiie solution to evaporate, no 
ciystalline deposit was obtained. 

When the xanthine was dissolved in urine rendered slightly 
alkaline by ammonia or soda, no crystalline deposit formed on 
standing or on evaporating. 

These experiments were firequently repeated, hut I failed to 
reproduce artificially the crystals of xanthine which occurred 
naturally in the urine. Still the solubility in hydrochloric add, 
and the form of the crystals obtained on evaporating the solu¬ 
tion, leaves no doubt whatever that the crystalline deposit which 
I observed in the urine was xanthine. 

It is by no means impossible that such crystals have often 
been considered, fi:om microscopic examination alono, to be uric 
add. At least, long since, the solubility of similar crystals 
on the application of heat has been passed over by me as 
remarkable. 

From the ocouirence of the xanthine in Langenbeck’s boy, 
in the Funjaub boy, and in my boy, it is probable that these 
crystals are most likely to be found in the urine of children. 
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XXVXIL —On Chemicci Geology. 
fA Lecture delivered before the Fellows of the Chemical Society, Feb. 

By Dayid Forbes, F.E.S., &e. 

In considering a subject so extended and important as Oiemica- 
Geology, it is evidently impossible, within the limits of one 
lecture, to put forth anything like a complete exposition of its 
principles, or to enter into details; this evening, therefore, I 
propose, after a few introductory remarks e:q)lanatoiy of the 
principles which have guided me in my investigations, to venture 
upon a short sketch of the chemical geology of what may be 
termed the cosmogenetic era in the history of our globe, and then 
to attempt an explanation of some of the phenomena connected 
with the great changes which have taken place in the earth, 
from that early period down to the present time, in which 
chemical action has played an important p8trt. 

The history of the natural sciences ftiilly shows how often 
their votaries have allowed themselves to be mfluenced by some 
often preconceived hypothesis, which has led them to ascribe to 
some one favourite cause effects which in reality have proved to 
be the result of a combination of several causes. 

To this tendency may be attributed the formation of the 
opposing schools of geology, the Plutonic and Neptunic, or 
igneous and aqueous. Tet it must at the same time he remarked 
that this occurred at a time when experimental science was 
hardly out of its cradle. 

The rapid strides in advance made by aU the natural sciences 
in every direction, have now, both by the accumulation of fiicts, 
and the elucidation of the laws which govern them, shown how 
difficult, if not impossible it is, in the study of nature, to draw 
any sharp line of demarcation as to where any one cause ceases, 
and another begins to operate. 

Increasing and more exact knowledge shows that mere fire 
and water are not the only great agents that work the changes 
which have taken place, and still do take place in our globe, 
and that the geologist, in ordmr to arrive at sound conclusions, 
must take the various effects produced by chemical action, heat, 
light, electricity, and mechanical force into fuU consideration. 

VOL. XXI. S 
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The study of the correlataon of these forces is also one which, 
although as yet but in its infancy, promises great results in the 
explanation of geological phenomena. It has now been satis- 
&otoiily proved, that mechanical force may, if not directly, at 
least indirectly, be converted into chemical action, or in other 
words, cause forces, formerly regarded as purely chemical, 
to be brought into play, so that the assumption that mechanical 
forces can only give rise to what have been termed mere mecha¬ 
nical results, must be guarded against in consideration of nature’s 
phenomena. 

Every geologist admits the great part which mechanical 
energy has taken in bringing about the dianges in the physical 
configuration of this globe; as for example, amongst others, 
the compression, crumpling up, and consolidation of strata, and 
in the elevation, depression, and dislocation of enormous rock 
masses, effects which have characterised and still do characterise 
the history of the earth; and as it is known that the expendi¬ 
ture of mechanical power is attended by a corresponding develop¬ 
ment of heat, which in its turn may give rise to a proportionate 
amount of chemical action, it evidently becomes a subject of 
great interest to inquire into how far such conversion of meaha- 
nical into chemical force may have assisted in the metamoiphic 
alteration of rock-masses. 

The familiar experiment of striking a light with flint and 
steel is an excellent illustration of the conversion of mechanical 
force into heat, along with the development of chemical action; 
for the effect of the medhanioal energy exerted is to heat the 
minute particles of metal detached from the steel to such a 
degree as to enable them to comKne chemically with the oxygen 
of the air; the heat generated being then so intense, as to fuse 
the product into minute sphericles of magnetic oxide of iron, as 
can be seen when the sparks are collected on paper, and ex¬ 
amined under the microscope. 

Whilst directing attention to the importance of the study of 
this sul^ect, the geologist not versed in chemistry must, how¬ 
ever, be warned against attnbuting too much to such agency, 
eq>6ddlly when examining what appears to the eye to him to 
be the transition (or transmutation) of one rock into another; 
for before accepting such evidence^ the chexnist will insist upon 
previous proof by chemical analysis that there are present 
in ilifi one rock the chemical elements requisite for the formation 



FOBBES ON OHEMIOAli aEOLOGY. 


215 


of iite other; or if not, that there is a rational mode of explain¬ 
ing how any deficiency in component parts has been supplied, 
or any surplus removed* 

The study of electricity (with magnetism) in its relations to 
geology is not unlikely to throw light upon some now obscure 
points, but has not as yet been much attended to, and I must 
confess that an examination of what has been written upon the 
application of electricity *to explaining the formation of mineral 
lodes, makes one suspect that the effect has at least in some 
cases been mistaken for the cause; and that the electricity which 
was supposed to have brought about certain chemical changes, 
may have in reality been the result of these very changes, and 
not their cause. 

Affcei* thus insisting that the investigator in the study of 
chemical geology must of necessity call in to his assistance a 
knowledge of the collateral branches of the natural sciences, I 
may here state, that in appearing before the society to-night, I 
do so not as a partisan of any school of geology, whether 
Plutonic, Neptunic, quiescent, or cataclysmic, but as an inde¬ 
pendent observer, who believes that the principles upon which 
all these schools have been founded have each had a share in 
nature’s operations, and that they therefore must be taken into 
equal consideration, and who turther assumes that most, if not 
all the phenomena of nature have been effected by a combina¬ 
tion of more forces, and that the same identical phenomena 
may at times be the result of agencies, totally different from 
those which at other times may have given rise to them. 

The study of mineralogy, which is the alphabet of petrology, 
shows that very many mineral species, and amongst them some 
of the most common rock-constituents, may have at different 
times been formed by very different processes. 

Thus, amongst the specimens here on the table before us we 
have crystallised silica or quartz oecomng in nature— 

As an igneous product in recent volcanic lavas. 

As an aqu#»ous product &om crystallisation and deposition 
from solution. 

And as a gasolytio product in tubes from the decomposition 
of its compounds with fluorine. 

Sulphur is also seen— 

As an igneous product from volcanoes. 
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As an aqueous product, both from hot springs and as a 
product of decomposition of sulphides- 
And as a gasolytio product from ftimeroles. 

And several others. 

Experimental researches on the artificial formation of minerals 
also prove satisfactorily that the same mineral or product may 
be obtained artificially by very different, often the most opposite 
processes and reactions. 

Thus we find silica in the hearths of iron furnaces, formed 
by igneous action, apparently by the oxidation of silicon. 

In the wet (or aqueous) method, silica is obtained in the de¬ 
composition of silicates by acids- 

And lastly, it can be produced as a gasolytio product from 
the decomposition of these compounds of silicon with chlorine 
and fluorine. 

Again, we can produce, by analogous processes, sulphur and 
carbon, either as igneous, aqueous, or gasolytic products, and 
amongst other specimens on the table will be found fine speci¬ 
mens of crystallised metallic copper, produced artificially, both 
by igneous and aqueous process, as wdl as from condensing the 
vapours which are evolved from the copper refineries. 

Felspar has been produced artificially as a furnace product, 
as well as by the action of water; and even some of the zeolites 
or hydrated sflicates have been produced experimentally, both by 
igneous agency as wdl as by aqueous actions. 

Numerous other examples might be brought forward in addi¬ 
tion to those here mentioned; and the condusion I would 
deduce from their consideration, is that it is impossible to be 
over-cautious in attributing the formation of minerals, or of the 
rock masses in which they occur to any one cause, to the 
exdusion of other agencies. 

Before proceeding further, it appears advisable, in order to 
prevent misunderstanding, that the precise meaning attached 
to certain terms employed in geological inquiry, should be 
clearly defined, as they are likely to occur repeatedly, in the 
oouTse of this evening; amongst these the terms igneous, 
aqueous, and gasolytic are of most importance. 

Igneous action in geology is equivalent to volcanic action, 
bring the action of heat as is seen in the active volcanoes of 
the present day, the study of wMch led to the foundation of 
the plutonic or igneous school of geologists. 
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This action, is not as occasionally has been misrepresented, 
a mere dry fusion, such as would take place when the chemist 
fuses anhydrous substances in his crucible, and of which, as 
observation shows, no example can now be seen in nature’s 
operations, but is one in which, whilst heat undoubtedly plays 
the grand part, is in nature invariably accompanied by the 
action of vapour and gases; and any one who ever has seen a 
volcano in eruption can bear testimony to the enormous volumes 
of vapour and gases which are emitted, and which, could means 
be discovered of measuring or weighing them, would be found 
to bear a very considerable ratio, to the total amount of solid 
matter actually sent forth by the eruption. 

Aqueom Action ,—^The action of water (fresh or saline), such 
as we are accustomed to observe on the present surface of the 
earth; this is not however the mere solvent action of the pure 
water employed by the chemist in his researches in the labora¬ 
tory; but is one in which the air, gases, salts, and other bodies 
contained in natural waters, along with the action of heat (by 
raising or lowering the temperature) materially alter the solvent 
powers of the water itself. 

GaaolyUc Action ,—The action of gases and vapours more or 
less assisted by heat. 

All these agencies are subject to be modified by the effects 
of chemical action and mechanical force, but whilst in all these 
cases, we have the action of heat, of water, and of gases, each 
playing a more or less prominent part; there can still be no 
grounds for misunderstanding or confiising the meaning of the 
three terms. 

In igneous or volcanic action, we find that, whilst the effect 
of heat predominates, still the presence of heated vapours 
and gases exercises a most important influence in modifying 
the results; in this case, the water present is in the form of 
steam, although it is possible ibat a minute amount of water 
may be imagined to exist as water entangled in the mdlted 
rock under enormous pressure. 

In aqueous action on the other hand, the water which acts 
as a liquid, not as a vapour, is the main agency; yet the effects 
of the air, gases, and solid constituents, as well as of its tem¬ 
perature, must be taken into full consideration, since they often 
may very materially affect the result. 

Lx now attempting to apply the principles of chemistry, to 
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tke explanation of the changes ■which onr globe has "andergone, 
it appears most systematic and convenient, to commence at a 
point as fer back in its history as the evidence ihmished by the 
sciences of astronomy and physics can carry us, and j&rom this 
point to work out step by step the subsequent phases which it 
has passed through. As however the jSrst stages in such a 
chemico-geological chronicle must necessarily be but hypo¬ 
thetical, it is important, in the first instance, to assume as htile 
as possible for granted; and therefore the sole axiom, on which 
this sketch is based, is the conclusion which astronomers and 
natural philosophers appear to have very generally arrived at, 
viz., that our globe was at one period in so highly heated a 
condition, that its entire solid contents were in a state of 
complete liquidity. 

I am fully aware, that some observers have gone still ftother 
hack, and imagined the whole of the constituents of the globe 
as having been previously in the gasiform condition as a nebula 
in space; and that they find evidence in the recent discoveries 
made by the spectroscope in support of this view; also that 
others have conjectured that the chemical elements in such a 
nebula would he in a “ disassociated” state of cshemical indiffer¬ 
ence to one another, until a lowering of temperature brought 
about combination and condensation. 

Without disputing either the possibility or probability of 
these views, I consider that in the present state of our know-' 
ledge of the subject, it would be imprudent to adopt them; for 
too little is known either of the effect of such intense degrees 
of heat, or of the state of ‘‘disassociation” or indifference of 
heated gases, to warrant confidence being placed in conclusions 
based upon such imperfect data. 

Chemists will no doubt admit that it is but fair to assume, 
that the chemical elements which then made up the woild were 
the same, and possessed the same properties as those now 
recognised, as of com*se it puts au end to all reasoning upon 
this subject, if this be not granted; for the very supposition 
that the interior of the earth (with the exact nature of which 
we are and ever must remain ignorant) was composed of 
dements unknown to the chemist, would at once annihilate all 
calculations or deductions. 

Having now an intensely heated world given us for consider- 
atjonjitisinthefirst place inferred, that this would be composed 
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of bodies of two different characters—soEd and gasiform; which» 
bjr their situation and rotation, wonld bring about the formation 
of a molten sphere of the more refractory bodies, snzroimded by 
an intensely heated gasiform atmosphere of the more Tolatile, 

In considering the distribution of the chemical elements in 
this sphere and atmosphere, we must be guided by the know¬ 
ledge we possess of the effect of intense heat upon the 
elementary bodies and their compounds; and it naturally follows 
that the more volatile bodies would remain longer in the 
atmosphere than the more refractory ones, which would be 
condensed previously into the sphere. It must also be remem*' 
bered, that at so intense a temperature we should not only find 
in the atmosphere those bodies which are gaseous at ordinary 
temperatures, but in addition, many others, such as the vapours 
of various metals, &c«, &c., whidh do not assume that form, 
except when exposed to extremely high heats. 

The afiSnity of bodies for one another would no doubt also- 
be considerably different at this temperature, and their mutual 
chemical reactions might also be es^ected to vary considerably 
from those which are known to t^e place at ordinary tem^ 
peratures; and it is to be regretted that the effects of heat in 
modifying the affinity of bodies for one another, are as yet but 
very imperfectly understood, although it is proved that they 
possess a very strong iofluence in so doing: we know for 
example, that sodium wiH, at comparatively low temperatures, 
decompose carbonic acid, yet at much higher temperatures, 
carbon decomposes soda. Again iron at a red heat decomposes 
water, whilst hydrogen at a similar heat decomposes the oxide 
of iron* 

Under these circumstaiices, it is evident that great latitude 
is given to chemists when explaining the reactions which may 
be cozyectured to have dbaracteiised this epoch in the earth’s 
history, as at present it would be impossible to produce suffi¬ 
cient experimental evidence, to prove or disprove various 
different and apparently contradictory opinions which might 
be advanced to account for sudti phenomena* 

I shall therefore here give a summary of the main conclusions^ 
which the examination of this subject has caused me to arrive 
at, and then go into an examination of the arguments for and 
against their adoption. 

Supposing the grand battle of chemical combination at an. 
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end, and the compounds so formed, resting as it were during 
an annistioe of neutralization, whilst at the same time the 
whole world still continued in a state of intense mcande- 
scenee, I have ventured to imagine the state of things at this 
moment, as follows:— 

Both in the molten sphere, and in the atmosphere stUTOunding 
it, the first impulse of these newly formed compounds would 
be to obey the laws of gravity, and so arrange themselves in 
strata or zones according to their respective densities; here 1 
would remark that these separations are only to be regarded as 
approximative, for there would always be some greater or less 
admixture of the substance of one zone with another, either 
from mechanical entanglement or diffusion. 

The solid sphere would resolve itself into some three grand 
zones (probably with subzones), it is imagined, somewhat as 
follows:— 

An external layer or crust of highly acid silicates, with most 
probably much free quartz, the bases of these silicates being 
chiefly alumina and potash with minor quantities of soda, lime, 
magnesia, &C. Below this a second zone of sSicates of more 
basic character and greater density, the bases being lime, mag¬ 
nesia, alumina, oxide of iron, soda, with but minor quantities of 
potash, &c.; and still deeper, a far denser sphere or nucleus, 
containing most of the denser metallic elements, in part, at least, 
in combination with sulphur, arsenic, &c. 

Whilst, on the one l^nd, the zones formed in the earth are 
considered to have possessed a somewhat stable or permanent 
character, those foimed in the atmosphere would, on the con¬ 
trary, be the reverse; for no sooner had the gasifoim products 
forming them, by, in the first instance, obeying the impulse of 
gravity, and so overcoming the counteracting tendency of the 
laws of the diffusion of gases, than these latter would assei-t 
themselves, and in process of time entirely obliterate this 
arrangement. 

lathe first instance,however, we should have the atmosphere 
next the earth composed of a dense vapour of those compounds 
volatile only at a high temperature, amongst which the vapour 
of chloride of sodium or salt would be probably one of the 
most prominent. Above this we should find the caxhonic add, 
then oxygen and nitrogen, whilst the vapour of water would 
be elevated still higher. As before stated, such an arrangement 
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would be gradually obliterated by diffusion, but as the element 
of time is one of vital importance for considering the effects of 
diffusion, it is imagined that before being obliterated this 
arrangement may possibly have had considerable influence in 
modifying the chemical reactions which took place at this 
period in the earth’s history. 

The effect of the cooling of such an atmosphere would be, in 
the first place, to condense the vapour of salt and other 
chlorides, &o., upon the already solidified crust of the earth, 
covering it with a layer of these substances in a solid state, 
the chloride of sodium in which has been calculated to have 
alone been sufficient to clothe the entire sphere with a coating 
of salt some ten feet in thickness. 

A stiU further reduction in temperature would now condense 
the steam in the atmosphere, which falling as rain on this 
saline crust, would, in gTeater part, dissolve it, forming the 
ocean, which would thus be salt firom the first moment of its 
appearance on the &ce of the globe. The atmosphere now 
stirrounding the earth would contain much less oxygen, and all 
the carbon in the form of carbonic acid (excepting only the 
amount of that acid carried down with the rain), but otherwise 
would probably not differ mudi in composition firom what it is 
at the present moment. 

Eegarding the above as merely a sketch, in the main correct, 
I would, however, remark that it would be absurd to attempt 
to define, with any sharpness, the exact action and extent of 
the reactions, or to insist upon that the entire amount of any 
one element entered only into one particular state of com¬ 
bination, to the exclusion of all other reactions, which might 
have been influenced by circumstances, amongst others, of 
position and time. My meaning may be best explained by an 
experimental illustration. K we suddenly throw a little std- 
phurio add into a solution containing both lime and baryta, 
the predpitate which is at once thrown down is not pure sul¬ 
phate of baryta, but an indefinite mixture of the sulphates 
of baryta and lime; for the sulphuric add immediately 
sdzes upon the earths nearest it at the moment, and before it 
has time to obey its superior affinity for baryta, it is carried 
out of the field of action as a predpitate of mixed sulphates. 

I will now enter into a consideration of the arguments which 
are brought forward in opposition to this view^ 
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It is advanced, in the first place, that the chlorine, instead of 
xiniting Tvith the sodinm, as supposed by me, would have com¬ 
bined with the hydrogen and gone into the atmosphere as 
hydrochloric acid. Believing that the hydrogen would have 
united with the oxygen to form water, I also contend that the 
afiSnity of sodinm for chlorine is greater than for hydrogen, 
since sodium, both in the cold as well as hot, decomposes 
hydrochloric acid, whilst, on the contrary, hydrogen, whether 
cold or hot, does not affect chloride of sodium. 

It is farther advanced that the sodium really united with 
oxygen to form soda, which would be converted into silicate of 
so^ by the mutual reactions between soda, steam, and silica. 
In this explanation secondary reactions are dealt with, instead 
of primary, which are supposed to be specially characteristic 
of this stage in the world’s history. It must also be remem¬ 
bered that carbon, at a high temperature, reduces soda, and 
that the volatility of sodium would bring it in contact with 
chlorine in the atmosphere, whilst the silica remained below 
in the earth’s mass in the solid form at this temperature. A 
poition of the sodium is, however, admitted by me to have 
combined with oxygen, and to have subsequently become 
silicate. 

Against my supposition that the sulphur mainly united with 
the denser metals to form sulphides which at once sunt through 
the still fl.uid external zone nf mHcates, and so became protected 
&om oeddation, it is contended that the sulphur would have 
united with oxygen and gone into the atmosphere as sulphurous 
add. Here it must be remembered, however, that this reaction 
took place in the presence of a vast amount of hydrogen, carbon, 
silicon, phosphorus, &c., along with alkaline and earthy metals, 
all ready to seize the oxygen, and capable of decomposing 
sulphurous add if formed. 

Sulphurous acid is decomposed by the other metals at an 
elevated temperature, with the production of oxides and sul¬ 
phides of these metads, as also by carbon, with the greatest 
ease, with the separation of sulphur (the subject of a patent 
taken out by Grurlt some years back for the recovery of sulphur 
from the fiimes of metalltu'gical works). In addition to all this 
it must not be forgotten that the atmosphere then contained an 
overwhelming amount of carbonic acid and nitrogen, which 
would both act as a shield agaiust oxidation, as well as dilute. 
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if not entirely prevent, the effect of any strong oxi^iizing action, 
this being proved by the comparatively anna^l amount of oxygen 
present in atmosphere of this epoch. 

In considering that the central nucleus of the earth must 
contain a vast accnmnlation of the denser metals and their com¬ 
pounds, I have done so for the folloTTing reasons 

The mean specific gravity of the earth is proved to be about 
5"4, and, leaving the vrater out of consideration, the mean 
density of the solid exterior vrith which we are acquainted 
cannot be assumed to be higher than 2*75; it follows, there¬ 
fore, that the internal portion of the earth must possess an 
immensely greater density than the exterior. 

This has been explained by supposing that the increase in 
density towards the centre arose entirely from the increased 
pressure, but experimental inquiry does not appear to warrant 
a conclusion which would require that even the most solid and 
compact rock we know at the surface should be (if found at the 
centre of the earth) condensed into a mere fractional part of 
its volume; for, so :l^ as experimental inquiry has gone, it has 
tended to show that after a certain point bodies either attain a 
maximum density or that the condensation bears a less and 
less ratio to the increase in pressure employed, thereby in¬ 
dicating the necessity of seeking for other explanation than the 
mere mechamcal effects of pressure, in order to account satis- 
fiawtoiily for the great density of the* earth’s interior. 

A simple calculation will show that if we regard the mean 
specific gravity of the earth as 5*44, and that of the external 
zone or crust as 2*75, and imagine that the earth is composed 
of three concentric layers of equal thickness, and of densities 
increasing respectively in arithmetical progression, there would 
be respectively an outer crust of specific gravity 2*75, an inter¬ 
mediate one of 10*82, and a central kernel, or nucleus, of 
18*89; and i^ instead of three zones, more than this number 
are imagined, then a similar calculation will show that the 
specific gravity of the central nucleus will be still higher. 

Knowing, therefore, that but few, even of the metallic ele¬ 
ments, possess (at the earth’s surface) a density equal to that 
of either the nucleus or intermediate zone, as shown by such, 
calculations, I infer, therefore, that it requires not only the 
assumption that bodies do become greatly augmented m 
density by the application of pressme, but also that there must 
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be a great accmmilation of the densest bodies we know (the 
heavy metals and their compounds) in the interior of the earth, 
in order to account for the high mean specific gravity of our 
globe. 

The mineral and chemical composition of the original ex¬ 
terior, or crust, of the earth immediately after its sohdifioation 
must ever be an open question in chemical geology, for neither 
do we, nor can we, even, expect to meet with any portion of 
the same in any part of the world, when we reflect upon the 
great changes it must have experienced during countless ages, 
and the vast amount of the dibris^ directly or indirectly the 
result of its wear and tear, which since has been spread over 
the surface of the globe by mechanical agency. 

The conjectures I have ventured to form as to its probable 
nature are based upon a study of the mineral and chemical 
composition of rocks, which, in the present state of geological 
science, are recognized as being the most ancient on the face of 
our globe; and as quartz enters into the composition of these 
as a most prominent constituent, I, therefore, infer that it had 
been derived from the dSbris of the original crust. 

It is necessary for me now to take into consideration any 
arguments which have been brought forward in opposition to 
the conclusion which I have thus arrived at. 

In the first place, we have the assertion that the composition 
of the primitive crust would have excluded free silica. It might 
as w^ be advanced that the composition of cast-iron would 
preclude the existence in it of free carbon. A very aamlo- 
gous example, and, therefore, I leave it to the Society to 
decide whether it is not as correct reasoning to infer by ana¬ 
logy that quartz may have crystallised out of a solution of 
silica m highly acid silicates upon a lowering of tempera¬ 
ture, as that the graphite in the specimen on the table before 
us has crystallised out of a solution of carbon in cast-iron, 
upon its temperature being lowered, which we know to be the 
&ct. 

But we have further proof of the contrary than merely 
reasoning from analogy, for, as is well known, the true volcanic 
lavas of both hemispheres contain abundance of free silica 
crystallised as quartz, and the study of the physical structure 
and crystallisation of this quartz furnishes complete proof that 
it oould not have been mere entangled fragments of quartz, but 
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that it must necessarily have crystallised ont of tiie melted 
mass of the rock. 

Of late years another argument has been brought forward in 
order to prove that rocks containing qnartz could not have been 
of igneous origin; and this argument is based upon a study of 
the specific gravity of silica. 

The specific gravity of hexagonally crystallised silica, the 
mineral species, quartz, in many cases of undoubted aqueous 
origin, is found to be 2'6, and the quartz out of many granites 
is also found to be 2*6. 

On the other hand, silica artificially fused before the oxy- 
hydrogen blowpipe to an amorphous glass, is found to possess 
a specific gravity of only 2*2. 

On these few data the conclusion has been based, that quartz 
could not have been formed by igneous agency, but must inva¬ 
riably have been an aqueous product. 

Now let us examine the value of this evidence impartially, for 
it is a question of vital importance ^in the study of chemical 
geology. 

In the first place, we find that the transparent, vitrified, 
amorphous product, or glass, produced by the fusion of crystal¬ 
lised or uncrystallised silica, before the oxyhydrogen blowpipe, is 
not considered by the mineralogist as quartz at all; for it does 
not possess either the crystalline characters, physical properties, 
or chemical behaviour of the mineral species quartz. 

The chemist further proves that its chemical reactions are 
totally different in very important points -from those of crystal¬ 
lised silica; and would infer therefrom the probability of siKca 
being dimorphous. 

Further research mfonns us that the low specific gravity, 
chemical reactions, and physical properties of this vitrified pro¬ 
duct are not alone peculiar to the silica which has been fiised 
before the oxyhydrogen blowpipe, but are common to other 
varieties of silica, both natural and artificial, whose origin 
could not have been from igneous frision, as, for example 
the silica formed by the decomposition of gaseous compounds 
of silica or silicon; many varieties of silica from aqueous 
deposition; the silica of the carapaces of infusoria, &a: fects 
which, if not considered as conclusive in totally invalidatiDg, 
must at least create much doubt as to the soundness of a con- 
dusion thus hastily arrived at. 
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It seemed strange* however, that before so much importance 
has been attached to an argument so evidently inconclusive, the 
simple test of its correctness should not have been resorted to, 
by taking the specific gravity of some of the quartz crystals 
found in true volcanic lavas, where there could be no doubt as 
to their origin; as I could not discover that this had been done 
by other observers, I have done so myself with the most 
conclusive results for the specific gravity of quartz crystals 
broken out of some of the volcanic trachytes of Europe and 
America, was found to be exactly 2*6, or the same as that of 
the quartz irom granite, or from undoubted sedimentary rocks. 

This result would have been anticipated by the mineralogist, 
who regards hexagonally crystallised silica as quartz, whether 
it be of aqueous, igneous, or gasolytic origin. 

Having thus treated at some length of the chemical reactions? 
which I have supposed had characterised what might be termed 
the cosmogenetic era in the history of our globe, a few words 
will now be devoted to the consideration of the physical struo- 
ture and configuration of the earth at this epoch. 

I assume that the cooling of the molten sphere ultimately 
resulted in the production of a globe in major part solid, yet 
containing in its interior a vast reservoir or reservoirs of still 
fluid igneous matter, which are still supposed to exist, although 
it is believed that the amount and character of their molten con¬ 
tents has varied considerably from period to period in the earth’s 
history. 

This being the case, it is quite immaterial to my views whether 
it is imagined that the earth commenced solidifying first at the 
centre, or at the smface; I am inclined to the opinion, howevei-, 
that even if the earth, as is considered j)robable, owing to the 
influence of pressure, actually did commence solidifying at the 
centre, that on the other hand, long before this solidification had 
reached the exterior, a crust had also commenced forming at the 
exterior towards the centre, owing to the eflects of cooing, and 
that there thus might be at the same moment a solid nucleus and 
CTUst, separated from one another by still, liquid, igneous matter. 

It has been advanced, however, that such a crust could not 
fom, since it would be heavier than the molten matter from 
which it had congealed, and Iherefore would wnlf down into it. 

It is admitted that silicates, when solid and cold, are slightly 
denser than when molten 5 but as this crust would be formed in 
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all parts siintiltaiieotisly, by a coolmg action, takiag place nni- 
fonnly on all sides, it wonld be a hollow sphere, capable fully of 
sustaining itself since its particles would mutually support one 
another. 

The results of experiments upon some bodies which contract 
in cooling prove that the effect of heat in many, if not in all 
cases, was first to expand the previously cold substance more 
and more, up to about its point of fusion, when it again con¬ 
tracted in the act of becoming liquid, showing that although 
the cold substance really was heavier than when molten, that 
on the contrary the same body expanded by heat was actually 
lighter than when molten, and would float on the surface of 
the molten liquid just Kke ice upon water. 

Applying this deduction, and remembering that the crust of 
the earth was not formed cold, but, on the contrary, solidified 
at a very intense temperature, it becomes easy to explain both 
the prol^Hlity of its formation and the possibility of its not 
dxkjdng into the fluid matters below it. 

TTpcm the complete solidificatiozi of this crust over the entire 
exterior of the earth, it may be supposed that the sur&ce of 
the sphere would in the firht instance present a tolerably even 
appearance or contour; this unifortmiy would, however, soon 
become disturbed by cracks and fissures produced by the con¬ 
traction of the mass in cooling still farther, and the subsidence 
of portions of the crust thus broken up may be conjectured to 
have caused some of the still melted matter below to be pro¬ 
truded upwards into these cracks and fissures, forming dykes in 
the original crust. 

The sides of these cracks or fissures would also be frequently 
more or less dislocated, and so form lines of faults interrupting 
the previously regular contour of the surface, and forming the 
first elevations or mountains on the globe, which, hy giving 
direction to the action of the water in the ocean and rivers, 
would in a great measure determine the main features of the 
physical geography of this epoch. Kor would these features 
be readily obliterated, since by in turn giving direction also 
to the deposition and demarcation of sedimentary matter, their 
primeval influence, when not counteracted by subsequent cata¬ 
clysmic action, 3 night be handed down through long ages and 
formations, even in some cases to the present period. 

We have now concluded what might be termed the chapter 
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of Genesis, or the cosmogenetical era of the history of the earth, 
since firom this period np to the present day I regard all the 
changes which have taken place in oxir globe as having been 
effected by agencies similar, if not identical, with those now in 
operation. Sedimentary rocks were formed from the wearing 
down and disintegrating action of water and the atmosphere, 
or as it is termed, the weathering of the primitive crust, and 
the subsequent stratification of the dSbris so formed by the 
action of rivers and of the sea, just as at the present moment 
they are in the course of formation from the debris of pre¬ 
existing rocks. Eruptions of igneous matter from sources in its 
interior from time to time disturbed and broke through the 
primitive crust, and the rock strata above it, in course of for¬ 
mation from its d^brisy just as at the present day (though 
possibly on a somewhat smaller scale) similar outbursts are 
produced by volcanic action. 

The primitive crust of the earth, split up as before stated by 
the effects of contraction, would be farther broken up and 
pulverised by the mechanical force of water, powerfully assisted 
by the disintegrating and decomposing action of the carbonic 
add present in such great excess in the primeval atmosphere, 
and thus would in process of time be so comminuted as to 
enable its particles to be sorted by the action of rivers and 
the sea, which would arrange them in sedimentaiy beds of 
varying density and character. 

A large portion of the quartz, more or less free from other 
silicates, would at once be formed into beds of sandstone and 
grits; the silicates, however, would first undergo a partial 
decomposition from the action of carbonic add and water, 
causing the removal of a lai'ge poition of their alkalies, which 
would be carried into the sea in the state of carbonates, and 
there react upon the earthy and metallic chlorides contained in 
the ocean. Particles of metallic sulphides entangled in the sili¬ 
cates (for as before stated no mechanical separation according 
to densities can be in nature regarded as perfect) would become 
oxidized into sulphates and also carried into the sea, which 
would receive a further amount from the gaseous compounds of 
sulphux which are supposed to have accompanied the outbursts 
of igneous matter from the interior of the globe. 

The partially decomposed silioates, along with more or less 
quartz, would, by the action of the sea and rivers, also be 
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sorted, and deposited as sedimentary beds, forming the argil- 
laceons and areno-argilkceons strata of that period, which were 
suhsequenily altered in character by metamorphic action. 

The development of organic life, at first of the lowest type, 
would now introduce another character of deposits into the 
sedimentary series, as by abstracting the lime contained in the 
ocean (in the form of carbonate, sulphate, and phosphate, the 
two latter compounds being the probable source of the sulphur 
and phosphorus which play so important a part in the vital 
economy of both animals and plants), this would gradually afford 
the materials for the building up of limestones and calcareous 
strata, whilst at the same time vegetation, by assimilating the 
carbonic acid in the atmosphere, would, firom the remains of its 
organic structure, also introduce beds of carbonaceous character 
into the series; and further, by clearing the atmosphere of the 
overwhelming excess of carbonic add originally contained in 
it, and retumiug a coiresponding amormt of oxygen to the 
air, it gradually paved the way for the increased development 
of animal life, and eventually effected the purification of the 
atmosphere to such a degree as to permit of the existence of 
air-breathing animals upon the face of the earth. 

By these means, therefore, we are enabled to explain the 
formation of the more important classes of rock masses which 
characterize all sedimentary formations firom the most ancient 
up to the most recent, namely:—the arenaceons, argilla¬ 
ceous, calcareous, and carbonaceous strata, with the nume¬ 
rous deposits of intermediate character formed from a greater 
or less admixture of the materials of two or more of the 
above- 

These causes would operate through all time; for although 
in the first instance or commmicement, they could act only 
upon the primary crust and its debris, they would in later 
ages have a fitr larger field for work in the destruction of all 
the stratified and unstratified rocks preceding them^ and the 
reconstruction of new formations from their ruins. 

The formation of these sedimentaxy strata, did not proceed 
uninterruptedly however, for any long period; for from time to 
time outbursts and iutrusions of the igneous matters contained 
in the earth belowy disturbed and broke through the strata* 


* These eniptiYe in co<diiig. become solidified first at the exterior, and 
VOL. XXL T 
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forming dykes, ramifications, and bosses, as well as sheeta 
sometimes overflowing, and at otter times intercalated between 
the beds themselves. Showers of volcanic ashes may, probably, 
in some inst^inces, have accompanied these outbursts, and by 
Billing upon the land, or into the sea, have formed beds in the 
series of a totally different character to those before aUnded to, 
which were merdy derived from the breaking up and disintegra¬ 
tion of previous rocks, or from the action of organic life. When 
currents of lava from these eruptions poured into the sea, or 
forced their way from below up through the bed of the ocean, 
the igneous matter would be converted into toffe; that is to 
say broken up, disintegrated, and so brought into a state of 
division more or less fine, in proportion to the greater or less 
cooling action of the water mass in immediate contact with it. 
The action of the waves would liien assist in spreading out 
these igneous products, and arranging them in beds similar to 
those of ordinary detrital origin, whilst the texture of such beds 
woidd vary from that of the coarsest breccia down to the finest 
mud, and, as is commonly the case, such deposits present them- 
belves as alternating beds of coarse and fine character. Upon 
the consolidation of such masses, rocks are formed, closely iden¬ 
tical in chemical and mineralogical composition to the original 
eruptive rock from which they were derived, and in external 
appearance, particularly when close-grained, often undistin- 
guishable from it by the naked eye; in most cases, however, the 
microscope can distinguish between them with certainty 5 but it 
has long proved an enigma to both the chemist and the geolo¬ 
gist, when he finds a rock taken out of an apparently normal 
stratified or sedimentary deposit, to have the same chemical 
composition as one of undoubtedly eruptive or igneous nature. 

To the difficulty in discriminating between such rocks, I 

by Gontiadioa are frequently, more espedaily when in larger masses, split np by 
j^is and fissurea wbicb occasionally might be immediat^y filled np by the still 
liquid part forced into them from below by the general contraction of the of 
rock; this aeconnfa for what may be called contempozaneons veins in these ro<^ 
which in genersl present a different external appeaiance to that of the rest of the 
rock, owing to dii^rent conditions of cooling and ciystalliaation from that of the rest 
of the mass. As acid G^licated rodks, like granite, contract more in cooling than basic 
ones, likft dolerites, these vwns are found to occur more commonly in the fonner 
than in the latter. They most not, however, be confounded with those veins or 
4ykfi8 prodnced by sabsequent emptaons of igneous ontbniste, cutting thnmgh the 
pceviovaly erupted rocks in later geological perioda. 



F0R3KBS OSr CHEMIOAL GEOLOaT- 


231 


attribute in great meaBure the conflictiiig opinions ^ririch have 
divided geologists as to the origin of granites and varions other 
of the older plutonic rocks, and my esperience in the field, 
assisted by the microscope and laboratory, has satisfied me that 
very many of the so-called granites and gneises are really sedi¬ 
mentary products of the breaking up of true igneous eruptive 
rocks, stratified by aqueous agency, and subsequently, as it 
were, reconstructed or consolidated. At the same time, how¬ 
ever, I have also come to the conclusion that there also are 
true eruptive granites of igneous origin, the products of 
action similar to volcanoes, the only apparent physical distinction 
being that probably the conditions of pressure may have been 
somewhat different in the older periods. 

This is a point of great interest and importance in the study 
of the older rocks, and therefore I will attempt to answer the 
arguments which I find advanced against the igneous origin of 
granite, not by a reference to authorities on the subject, but by 
wbat may be called volcanic facts, that is, data obtained in the 
examination of the mineralogy and petrology of volcanic 
districts. The main arguments brought against fbe probability 
of the aqueous origin of granite and several other plutonic 
rocks are— 

1. That granite contains free quartz. As before stated, 
this is also the case in many volcanic lavas, and the remarks 
made on this subject, when considering the possibility of the 
presence of firee silica in silicates, are all applicable here. 

2. The quartz in granite is of specific gravity 2*6, or the same 
as that of quartz of aqueous origin; as previously stated, this is 
also the case with the quartz from volcanic lavas. 

3. The quartz from granite contains water. 

This is also the case with the quartz out of the rocks of the 
volcanic island of Ponza in the Bay of Naples, and in the vol¬ 
canic lavas from Peru. 

4. That in granites, some of the more fusible minerals have 
often solidified and crystallised before the less fusible ones. 

In the lavas from Vesuvius it is common to find mystak of 
refractory leucite sitting upon the easily fusible augite, tt'hici 
had mystallised first. 

5. That granite frequently contains hydrated minerala 

The quartz, felspar, nepheline, and idocrase from Vesuvius 
all contain water. A specimen on the table, broken out of the 

» T 2 
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lava ctirrent o£ March, 1865, whilst still flowing from Etna, 
contams crystals of stilbite.* 

It appears to me, therefore, that when the fects and argu¬ 
ments on both sides of this question have been impartially 
considered, the conclusion will be drawn that there are true 
eruptive igneous granites, and that the arguments advanced 
against the igneous origin of granite are inconsistent, as well 
as inconclusive. 

Many of the outbursts of plutonic rocks which, as described, 
had thus disturbed the sedimentary strata, are accompanied, at 
the same time, by mmeral veins or lodes, which most frequently 
are found traversing the strata in the vicinity of such dis¬ 
turbances, and would, therefore, appear to be intimately oon- 
ueoted with these outbursts or intrusions. The mmerala con¬ 
tained in such lodes are also observed to vary according to the 
nature of the eruptive rock which appears to have caused their 
formation. 

The solid matters injected into the strata and brought up by 
these eruptions, whether poured out over the land or into the 
water, would ultimately, by their dismtegration and decompo¬ 
sition, yield up some of their constituents in a more or less 
soluble form, as part of the alkalies, Hme, magnesia, &c. This 
process will explain how some portion, for example, of the 
lime requisite for keeping up the supply of that earth in the 
ocean for the assimilation of organisms, which continually 
abstract it from the same, can be accounted for. 

In like manner, smce these eruptions are considered to have 
had most features in common with volcanoes, it is inferred that 
they also would have been accompanied by great volumes of 
vapours and gases, amongst which, as in the case of the active 
volcanoes of the present day, the products of the oxidation of 
sulphur would have been prominent, and by their subsequent 
reactions assist in accounting for the large quantity of sulphates 
known to exist in the ocean. 

Many deposits of sulphates, chlorides, and other compounds, 

* Bunsen has proved e3q>erixnental]j that hydrated silicates, analogTOus to those 
in eruptive rocks, can be formed at Mgh temperatures, and retidn thdr vater at 
such temperatures, as long as enclosed in their matrix, if extracted 
ever, the water contained in them can he expelled at a very gentle heat Lanre^ 
has also shown that borate of potash fused at temperatures above the mdting-point 
of rilver retains water which, singularly enough, can be expelled in babbles by re< 
heating the vitrified mass over a spint'-lomp so as hardly to soften it. 
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such as gTpBum, rodk-salt, camallite, &c., have uo doubt re¬ 
sulted from the evaporation of lagoons or anns of the sea, cut 
off from the ocean by movements such as the elevation of the 
line of coast, &c. 

The rooks formed on the solidification of the molten matter 
brought up by these outbursts or intrusions, which, as before 
mentioned, have disturbed the sedimentary beds from the oldest 
period up to the present day, possess a common general 
physical structure and arrangement, but otherwibe are not all 
of one character, since they differ very considerably in chemical 
and mineral constitution, according to the geological epoch of 
their appearance in the crust of the earth. 

Unfortunately, however, the attention of geologists has been 
but extremely little directed to this subject, and consequently 
trustworthy data as to the geological occurrence and mineral 
contents of such rocks are at present far from being suffi¬ 
ciently numerous or exact to allow of a decided conclusion 
being arrived at by their study. The result of a prolonged in- 
qujiy led me some time ago to announce the probability that— 

1. Eruptive or intrusive rocks of identical mineral constitu¬ 
tion have made their appearance or intrusion into the earth’s 
crust at similar geological epochs. 

2. That the miuerals, or classes of minerals, accompanying 
or associated with such rocks may serve as a means of distin¬ 
guishing the several eruptions iu geological chronology. 

3. When tne geological epochs of the appearance of two or 
more intrusive or eruptive rocks are known to differ, these 
rocks will then also be found to differ essentially in mineral 
constitution. 

As far as I have yet been able to obtain trustworthy data, 
these views have been confirmed, but the evidence is as yet fer 
too imperfect to put these forward as proved, although X in¬ 
dulge in the belief that further researches will show them to 
be correct. 

The chemical analyses of eruptive rocks show, in the first 
place, that they may be divided into two general classes of 
acid and basic rocks; but when the geological age of the 
appearance of these rocks is mquired into, it is found that we 
encounter both acid and basic rocks which have made their 
appearance at all periods. 

Just as in the oldest periods we find acid granites which coip- 
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respond to the acid trachytes of the modem volcanoes, so in 
the oldest times also we ^d more basic norites, dolerites, &c. 
the equivalents of the more basic lavas and dolerites of the 
volcanoes of the present day; and although tlie facts collected 
are at present not sdficiently numerous to decide this point 
conclusively, it would appear probable that the acid eruptive 
rock characteristic of each geological period was accompanied 
by, or connected in some way with, the contemporaneous erup¬ 
tion also of a more basic rock equally characteristic of this same 
period. 

Believing as I do that the origin of all these eruptive rocks 
may be ascribed to causes similar to those producing the active 
volcanoes now seen on our globe, it naturally brings ub now to 
the consideration of such volcanic action. 

As I have before eagplained, when considering the solidifica¬ 
tion of the globe, I contended that there then existed, and still 
exists in the interior of the earth, some great reservoir or reser¬ 
voirs of fluid igneous matter, firom which source all the igneous 
mcks, from the oldest to the most recent, have been derived, 
and I regard this probable for two reasons: fii'st, because when 
the torrents of molten lava covering vast extents of country 
are seen issuing from a volcano, it is naturally inferred that it 
must come from some receptacle in the earth below; and, 
secondly, that as we know that considerable areas of the solid 
crust of our sphere have at times been depressed or sunk down 
to great depths, it appears equally natural to conclude that this 
could not have happened if the globe was entirely solid, and 
that there consequently must be some great hollow or chamber 
below filled either with gas or liquid matter, which, by its 
mobility, would make room for the mass thus depressed. 

Whether, however, there may be only one or more reseiwoii’s, 
and whether there may be, as some have imagined, two distinct 
reservoirs, containing respectively acid and basic, or trachytic 
and pyroxenio silicates, or whether both add and basic silicates 
may not have been derived from the same source, I do not 
venture to decide; but I am inclined to believe that the sources 
of volcanic matter must have some intimate connection with 
one another, since it is known that volcanic rocks tflye T* firom 
any part of the world, no matter how &r distant from one 
another, from Iceland or Tieorra del Fuego, from Etna or Java, 
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are identical in mineral and chemical constitution, and in their 
physical and optical properides. 

That Tolcanic action is something more than the mere local 
ontborsts which have been compared to insignificant pimples 
on the face of the globe, is proved by a mere glance at a 
map showing their geographioi extent and distribution. The 
innumerable volcanic islands of the Pacific Ocean for example, 
extending from longitude 80® TV, some 50® of equatorial longi¬ 
tude ftirther westwards to the coast of Asia, present one con- 
tmuons scene of recent and present volcanic activity, extending 
in length over more than one eighth of the equatorial or 
greatest circumference of the globe. 

The hypothesis that volcanic, granitic, and other plutonic 
rocks, are all local products resulting from masses of ordinary 
sedimentary strata melted up by being depressed into the body 
of the earth, so as to come within the action of the earth’s 
central heat, has to encounter the diflSculty of explaining how 
these masses could be let down deep into the substance of a 
solid globe in which no vacuity is supposed to exist; then it is 
requisite to know why, if the earth’s central heat at a certain 
depth is considered st^cienit to melt np these strata when so 
depressed, the entire substance of the earth at that depth 
is not in a molten state. Both the chemist and geologist 
will also, I thmk, hesitate before believing that rocks which 
we know are of such definite and constant mineralogical 
and chemical constitution wherever they are encountered in 
nature, could be formed by the melting up of mere mechanical ' 
aggregates of rock dSbris whose composition is known to vary to 
the widest possible extremes. 

Emowing, for example, that limestones, often in immense 
beds are found in all sedimentary formations, it appears diffi¬ 
cult to imagine that a granite, felsite, or other plutonic rock, 
specially Gharaoteiised by containing oifiy traces of lime, but 
much alkali, could be formed by the depression and melting up 
of Budi strata. In like manner, it appears equally difficult to 
suppose a basic dolerite, containing but comparatively little 
siUca, formed from the melting up of other formations specially 
dbaracteiised by an enormous thickness of sandstones and 
highly silicious beds. In practice it would be difficult to select 
any piece or portion of the sedimentary formation we are 
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acquainted with on the earth’s surfece likely to possess a 
mean chemical surface composition which would, when melted 
together, give the percentage composition of a granite, diorite, 
dolerite, or other such rock. 

On the other hand, as it is admitted that the presence of water 
has had some share in igneous action in nature, and that many 
TDaineraJs found in plutonic rocks do contain small amounts of 
water, either entangled under pressure or in a state of chemical 
combination, it is advanced that this could not be the case if 
the igneous matter had really come from any receptacle or 
reservoir in the interior of the earth, since no water could reach 
such sources. 

The very emission of vapour and the presence of water in some 
volcanic minerals proves that the water really had got down 
by some means, and I see no difficulty in accounting for the 
iTifilt ration of water when the effects of capillary action and 
heat are taken into consideration. An excellent illustration of 
how this may be effected is afforded by a glance at the action 
of an ordinary Gifford’s injector, so commonly used to force the 
water supply into high-pressure boilers, m which case the veiy 
pressure, which under ordinary circumstances would prevent the 
entrance of the water, becomes actually the means of forcing it in. 

Before concluding, I would, however, add a few words on a 
subject, which may almost he called the “hgte noire” of geolo¬ 
gists, namely, metamorphio action,” the study of which, mtri- 
oate enough in itselJ^ appears to have been rendered still more 
difficult and perplexing by the constant attempts to bring all the 
phenomena under one head, or in other words to ascribe to the 
action of one cause, results which are doubtless due to many 
very different agencies. 

The study of metamoiphism offers a wide field for exploration, 
especially to the chemist and microscoppist—^for the microscope 
is an indfepensable instrument in these researches. Much how¬ 
ever remain to be done, for but little is as yet satisfactorily 
demonstrated, and very many points of importance are still 
extremely obscure. 

The results of metamorphie action are so varied and nume- 
rousi iihat the first step required seemed to me to be an attempt 
to classify the &cts under the heads of the causes which are 
Spagined to have influenced them. 



FORBES OX CHEMICAli OEOLOGT. 237 

A rough attempt resulted in the formation of six different 
classes;— 

1. By pressure alone.—^Alterations by compression and indura¬ 
tion, often inducing cleavage, as in daynslates. This metamorphio 
change is tndy mechanicaL but occasionally a slight amount of 
chemical change (comlnnation apparently) has taken place, 
which possibly might have arisen from the indirect conversion 
of mechanical into chemical action. 

2. By heat alone.—Many soft beds, like shales and days 
become strongly indurated and converted into porcellanite and 
similar products, in near contact with basaltic dykes, &c. The 
microscopic and chemical examination shows that, beyond the 
mere expulsion of the water, the change is similar to the baking 
of stoneware; such rocks in situ are found to be generally more 
compact from being at the same time subjected to more or less 
pressure. 

3. By beat in conjunction with chemical action and crystal¬ 
lisation.—When in the last-mentioned case, the rock may contain 
substances which might unite with one another to form new 
compounds, this is frequently found to have taken place.—Thus, 
if a calcareous and ferruginous shale or clay be subjected to a 
heat much below fusion, whether in nature or artificially, we 
have a complete change in its appearance and mineral com¬ 
position, produced by the recombination of its constituents, and 
the formation of new minerals, such as, for example, epidote and 
garnet, both of which are silicates of alumina, iron, and lime. 
These reactions explain how extremely common it is to find 
such minerals developed in the rocks at the point of contact 
with igneous eruptions, as most of the sedimentary rocks con¬ 
tain the constituents silica, alumina, lime, and sesquioxide of 
iron which enter into theii composition. 

When in these cases, pressure constant, but not necessarily 
great, is also brought into play, we may produce artificially 
most striking results, as will be seen by examination of the 
specimens here exhibited, which show the conversion of ordinaty 
clay slates, some of them slightly choritic and micaceous, into 
a rock mudi resembling some natural schistose, or gndssic 
rocks. 

These were produced by keeping the rocks exposed to a heat 
below their softening point for several months, whOst they were 
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protected j&rom o:sidatLon and subjected to a pressure varying from 
about 77 lbs- to 15 lbs- per square inch. If fusion or softening 
takes place, all structure is not only at once obliterated, but 
new reactions are called into play, resulting in the production of 
quite different chemical compounds in the fused product. The 
parallel structure was found to become developed at right 
angles to the pressure, or in other words, in the Ijnes of least 
resistance in the rock. 

Another specimen of rock shows the effect of similar treat¬ 
ment upon a block of compact soapstone, which, as will be seen, 
has been greatly changed in appearance, now possessing a findy 
developed foliated structure, with large crystalline plates or 
leaves. In this case it is probable that the effects are entirely 
due to reciystallisation; and to a similar cause may be attri¬ 
buted the formation of many of the metamorphic crystalline 
limestones and marbles, when the contact with igneous eruptions 
may have heated them sufficiently to bring about such molecular 
changes. 

4. By aqueous action, either inducing crystallisation, by in¬ 
troducing or dissolving out certain mineral substances, by form¬ 
ing hydrated compounds with others, or by effecting chemical 
changes through the agency of the gases or solids, or both, held 
in solution by the water, all of which effects may be more or 
less assisted by heat and pressure. 

The simplest example of this action is seen in the destruction 
and obliteration of the structure of organic limestone, which 
may thus be converted into caystalline rock, showing no trace 
of their original origin. Thus can be explained the veins of 
crystallised calcite which are found in modem coral reefs. 
Inidtration of water holding carbonate of lime in solution will ac¬ 
count for the formation of calcareous sandstones, grits, and tuffs, 
and the filling up of the pores of many vesicular rocks and lavas 
with carbonate of lime, whilst the reverse effects would follow 
from such rocks being subject to the action of waters which 
could dissolve out such bodies previously existing in the pores 
of rocks. Certain zeolites or hydrated silicates in rocks may 
have been formed by the water entering into chemical combi¬ 
nation with previously anhydrous silicates, and on the table is 
seen a specimen of the noted example of this action from the 
iuicient Roman aqueduct at Plombiires. Again by the chemical 
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reactions between the constituents of the rock and the com¬ 
pounds held in solution in waters which infilt rate into and per¬ 
meate through rock-masses, great changes may be effected. 
Many of the magnesian limestones and dolomites appear to have 
been thus formed, from limestones of true organic origin, by the 
action of solutions containing magnesia. Other similar lime¬ 
stones have been converted into ironstones by the analogous 
reactions with solutions containing iron, as in the case of tlie 
Cleveland ironstones; and these effectswould naturally vary with 
the chemical natoe of the agent held in solution by the water. 

5. By gasolytic action. The action of vapours and gases, at 
times strongly acid, as seen in solfataras and fdmeroles, has 
also frequently played an important part in affecting meta- 
morphic changes, both by the decomposition and reconstruction 
of rocks; by such means we often find limestone converted 
into gypstun, deposits of kaolin and clays formed from the 
decomposition of felspathic rocks, &c.; and many of the com¬ 
pounds of boradc acid appear also to have been derived fi?om 
sndi sources. 

6 . By a combination of two or more of the above agencies. 
In the study of the physical and chemical geology of the older 
and more characteristic metamoiphic deposits, all the above 
agencies appear to have combined (if not at once, at least at 
different times) to produce the extraordinary and varied 
appearances which are now visible in these rock-formations. 

Many of the mica shists appear to have been originally mere 
micaceous sandstones, such as are now found in the later for¬ 
mations, subsequently reorystallised, probably by the longHcon- 
tinued action of a gentle heat, causing the particles to expand, 
and permitting a molecular movement, whilst the combined 
effect of pressure gave the direction to them, and caused the 
lines of foliation and re-axrangement of the partides to take 
place. The quartziteB in part appear to have been mere sand¬ 
stones, recrystallised and indurated by similar causes, whilst 
others appear to be sandstones or grits, the particles of which 
have been cemented together by a minute quantity of gelatinous 
silica, produced from the decomposition of felqpars originally 
associated with them, and this mass consolidated by pressure, 
assisted or not by heat—result very analogous to the for¬ 
mation of Bansome’s patent stone. 
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Mnbh. of the gneiss appears to be the result of a stratified 
reconsolidation of the matter derived from sub-aqneons or snb- 
aerial granite outbursts, such as I have previously alluded to, 
whilst another species of gneiss, granite gneiss, or gneiss 
granite, appears (as I in 1864 described in the case of many 
Norwegian rocks) to have resulted from true granite esruptions, 
in which the foliated or parallel structure has been subsequently 
induced by a re-arrangement of the mineral molecules in the 
solid mass, very possibly effected by the long-continued action 
of moderate heat and pressure, as in the case of the artificial 
specimens on the table before us. 

Although I admit that what has been termed hydrothermal 
action has taken part in these metamorphio (Ganges, and that 
this action may have been much assisted by the alkaline or 
other matter in the water, I am not inclined to consider either 
hydrothermal action, or the view that the metamorphio rocks 
have been formed from ordinary strata, softened and brought 
into a pasty state by’the combined effects of enormous pressure, 
heat, and water (a sort of Papin's digester process), as the grand 
cause of the metamorphism of rocks. 

The results of experimental research, on the contrary, show 
that in order to imitate such effects, the heat must be so low as 
to prevent any softening or fusion; that the pressure need be 
but very moderate, but must be constant; that oxidation must 
be guarded against f and that time is a most important element 
in all these changes. 

The examination of natural metamorpliic rocks by the micro¬ 
scope further leads to the deduction that the water present in 
these rocks has in all probability been derived from the water 
originally present in the unaltered stratum; and we know that 
all beds of aqueous deposition invariably contain more or less 
water; further, that the arrangement of the particles and 
crystallisation of the rock is compatible only with the view 
that the metamoiphism had been effected whilst the rock itself 
was in a solid condition. 

I have therefore come to the conclusion that the great meta- 
morhpic changes seen in the older strata have, in the main, been 

* In nature the sapposition that the rochs vhen metamorphosed were below the 
ocean, or under sopeiincambeut strata, wonid aceonnt both for their protection from 
oxidation, and for the required pressore. 
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effected 'whilst these rocks were in a perfectly solid condition, 
by what may be termed molectdo^hemical action, a combi¬ 
nation of chemical force and molecular movement, which may 
have been brought into activity by any one or more of the 
previously described agencies. 

In concluding this necessarily very incomplete sketch, in 
which I have endeavoured to touch upon the most prominent 
points of chemical geology, I would add that I believe that 
many, if not all, of the views which I have adopted, so fer from 
being new, have long ago been enunciated by other observers* 
My labours have consisted in examining into their soundness, 
and attempting to build up a whole by the agglomeration of 
what might be termed ‘‘disassociated” data; and throughout 
this lecture I have attempted, as fer as possible, to support my 
views by reference to facts and experiments in preference to 
the opinions of authorities* 

Al&ough, from its very nature, some parts of such a sketch 
must be necessarily extremely theoretical, yet I beEeve the 
Sodieiy will support me in considering that the interests of 
science may be b^efited by occasionally attempting to bring 
an accumulation of fects under some theoretical, but sys¬ 
tematic, arrangement, even if this be but regarded as temporary, 
and found subsequently to require much modification by the 
advance of our knowledge of the subject; and in now bringing 
forward this summary of my investigations on the subject, I 
may state that I am fully prepared to reject such points as may 
be proved to be unsound, my object beiag the elimination of 
truth, and not the defence of any opinions which notwith¬ 
standing that I now hold to be correct, may possibly be here¬ 
after shown to be untenable. 



243 


^XIX .—On the MimufactuTB of Glass. 

[A Lecture deliTered before the Members of tixe Chemical Sodetj, on March 19thf 

1868 J 

By Henry Chance, MA. 

The manufacture of glass may be diTided itito two parts, the 
chemical and the mechamcal. The former comprises the pre¬ 
paration of the materials, their admixture in certam propor¬ 
tions, their decomposition by heat, and the union of the non¬ 
volatile elements into a uniform mass of melted glass. The 
latter consists of the conversion of this melted mass into the 
endless shapes which glass is capable of assuming. 

In a paper read before the Society of Arts, in 1856, I 
gave a somewhat detailed account of the mechanical portion 
of the manufacture of crown and sheet glass* On the pre¬ 
sent occasion I propose to notice some points of interest in 
connexion with the chemical part of this manufacture, and also 
to call your attention to the question of devitrification, as illus¬ 
trated by experiments upon basaltic stone. 

To the manufacturer, conducting operations on a large scale, 
results often present themselves in a more marked and distinct 
manner than to the chemist experimenting upon the same sub¬ 
stances in his laboratory. But the manufacturer is for the 
most part unable, fiirom want of time, or it may be, iErom want 
of ability, to cany out the investigation of these results fer 
enough to ascertain their true scientific bearing and importance. 
It is for the patient student of science, untrammelled by the 
perplexities of daily business, to undertake this task. I doubt 
not that there are among this audience some who answer to 
tliis description. It is Avith the hope that the facts which I am 
about to lay before you may lead these labourers in the field of 
science to fresh investigations, and notfi’om any special import¬ 
ance which the foots themselves possess, that I venture to 
address you this evening. 

The three principal elements of which crown and sheet glass 
are composed, are, as you are well aware, silica, soda, and lime. 
Of these by far the largest element is silica, which is now uni¬ 
versally supplied in the form of sand. There are numerous 
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sotoroes of sand adapted for glass-makmg. The American sand 
perhaps the fine^ of all^ but it is too expensive when im- 
^rted into this country for ordinary use. Messrs. Copeland 
exhibited at Paris some very fine flint glass, inanufiictared at 
Stourbridge from this sand, and surpassing in purity of 
colour all other specimens of glass, whether British or foreign. 
French sand, from Fontainebleau, is also remarkably pure, and 
is generally used for the best kinds of glass. The sand used by 
the Belgian glass manufecturer is of good quality, but inferior 
to the French. Vitreous sand is found in various parts of 
England, but nowhere (in any available quantity) so pure as 
that of France or America. The sand used by our firm is 
obtained from Leighton Buzzard, and although of a yellowish 
tint, is more free from iron than many kinds of sand which 
are whiter in appearance. The whiteness of sand is a very 
uncertain test of its purity. Sand having a strong reddish 
hue may be made nearly white by calcining it with a small 
quantity of common salt, but the iron is still present, though 
in a different form. Again, two kinds of sand, which are 
shown by analysis to be precisely similar in their composi¬ 
tion, may produce very different results, as regards both the 
colour and quality of the glass. As an instance of this I may 
mention that we had at one time occasion to use some Welsh 
sand, the analysis of which was almost identical with that of 
the sand from Leighton. When this sand was employed in the 
manufecture of rolled plate glass, which is formed by rolling a 
lump of glass upon an iron table, the glass, though good in 
other respects, had a wavy appearance upon its surface, of so 
marked a character, that it was necessary to discontinue the 
use of this sand in the process in question. In reference to this 
peculiarity. Dr. Bichardson remarks, believe there is con¬ 
siderable difference in sand in neutralising the bases, according 
to the proportion of soluble and insoluble silica it contains. 
This variation may produce glass with different specific 
gravities, so as to affect the action of rays of light, as noticed 
by Faraday, in some flint glass which tmderwent decomposi¬ 
tion, in some cases to the extent of separating particles of silica.^* 
This Welsh sand, of which I have spoken, when used in the 
manufacture of ordinary plate glass, produced a glass ftiB of 
strise. 

Sand which does not contain mote than one-half per cent. 
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of oxide of iron may be considered a good sand for ordinary 
glass. The Fontainebleau sand is almost entirely free froj^ 
iron, and is well adapted in all respects for the manufacture o. 
white glass. 

The most important change that has been made in the 
chemical part of the manufacture of crown and sheet glass, 
is the substitution of carbonate of soda for kelp, and sub¬ 
sequently the use of sulphate of soda in place of carbonate. In 
reference to this point, I may perhaps be permitted to quote 
from my paper (to which I have already referred) the informa¬ 
tion which ]^br. Bontemps was kind enough to give me,—“ Thirty 
years ago crown and sheet glass were manufactured from crude 
alkali obtained from the ashes of a certain seaweed, and in this 
country known by the name of kelp. The preparation of kelp 
for this purpose employed a large population on the northern 
shores of Scotland and the West of Ireland, and the abandon¬ 
ment of this material plunged whole districts into idleness and 
misery. The kelp was used in combination simply with sand, 
the kdp containing soda and potash, and fumishing the hme 
necessary for the composition of the glass. But the glass thus 
produced was of a very variable character, arising from the 
uncertain quality of the kelp, and also of a very inferior colom', 
evidence of which is still to be found in the old windows of 
ancient houses, which have escaped the ravages of improvement. 

«A similar crude alkali was employed in other coimtries, 
under the name of soda of Alicant, and at Venice and in the 
south of France this was mixed with a natural product, called 
the Natron of Egypt, and containing carbonate, muriate, and 
sulphate of soda. 

‘‘ The discoveiy of Le Blanc, in 1792, which effected the con¬ 
version of common salt into carbonate of soda, was tlie com¬ 
mencement of a new epoch in the history of this glass. The 
manufacturers of soap at Marseilles ceased to import the soda 
of Alicant, and employed this new alkali in its place. Then- 
example was followed by the manufecturers of plate glass, and 
before long the employment of the old crude alkali was discon¬ 
tinued also in the manufrtcture of blown window glass, and an 
improved colour and quality were the result. 

‘*The alkali thus obtained was the carbonate of soda of com¬ 
merce, containing, besides carbonate, a considerable portion of 
nndecomposed sulphate. The farther improvement which 
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oDowed, riz,, the substituliou of simple sulphate of soda for 
carbonate of commerce, was due to the researches of the 
?ele^*ated Gehlen; but some time elapsed before his ideas 
were canded out iiii Germany, and it was not until 1^>25 that 
the manufacturer^ of France, released, thr< nicfh the exertions of 
51. Clement Desormea, fi'oni the absurd veto which the Go¬ 
vernment had pronounced on the sale of sulphate of soda, w^ere 
emibled to turn their attention to the employiijent < »f this cheaper 
material. They proceeded with caution in the inti*oduction of 
this new ingredient, fir^t mixing a {^inall quantity of auli^hate 
of Roda with a large iirupoi-tion of carhtmate, then half of each, 
and finally they adopted the sole use of sulphate, to the injiuy, 
doubtless, of the colour of their glass, but they were gainers 
by the employment of a cheaper and more manageable material, 
WTiere colour, however, is an object, as in the manufacture of 
plate glass, the use of carbonate is still generally retained. 

The introduction of carbonate of soda prepared from salt 
into the glass manufiicture of England dates from the year 
1831. Proceeding cautiously in the steps of their foreign 
brethren, the English glass-makers, after they liad established 
the use of carbonate, made trial of the effect of a small quantity 
of sulphate in a large quantity of carbonate. The latter was 
gradually diminished, until, at lengiih, in the manufecture of 
blown window glass, sulphate Rtood alone. But here, as 
abroad, the manufacturers of plate glass adhere generally to 
carbonate.'’ 

Glass made with sulphate of soda is less Ihible to devitrify, 
or, as it is tenned, to become " amldtty ” in the pot during the 
time of working, and will, therefore, bear a larger proportion of 
lime than carbonate glass. This is of great advantage, afl, 
from the increased quantity of lime, the glass is harder, takes a 
better polish, and is less Hable to the exudation on its Rurface 
which is technically termed sweating,” The use of sulphate 
of soda involves the introduction of an ingredient, which is not 
required where pure carbonate only is employed, namely, 
carbon. This is generally introduced in the shape of a coal 
very rich in carbon, such as anthracite, or of charcoal 

The carbon used is in about the proportion of one equivalent 
to two equivalents of sulphate of soda. If there were no other 
substances present, we sliould look, not for a uniform action of 
the carbon upon the whole of the sulphate, but for various 

VOL. XXI. 
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degrees of deoxidation of a part of it, the rest remaining (in 
the presence of so small a proportion of carbon) as tindecoin- 
posed sulphate. But as silica is present in large quantities'?^ 
the moment that the sulphate of soda loses one equivalent of 
oxygen, the silica steps in and takes possession of the soda, 
and thus the •whole is gradually converted into silicate. 
There is, however, sufficient evidence to show that tire 
decomposition of the sulphate is not wholly dependent on 
the carbon employed. At least 25 per cent, of the quantity of 
carbon which is ordinarily introduced can be withdrawn for a 
time without interfering with the quality of the glass; and I 
have found by actual experiment that glass can be made with 
sulphate of soda in a covered pot without using any carbon 
whatever. There was indeed, hi this case, considerable diffi¬ 
culty in reducing the materials to glass, and a large amount of 
undecomposed sulphate remaiaed floating on the surfetce of the 
metal, but still a sufficient quantity of it had been decomposed 
to form a transparent glass. In making this experiment I 
found that, in proportion as the quantity of carbonate of lime 
was increased, so was the decomposMon of the sulphate facilh 
tated; but the increase of the lime was limited by its devitii- 
l^g tendency, so that it was impossible to carry the addition 
of line sufficiently fer to prove the possibility or otherwise of 
efTecthig a perfect decomposition of the sulphate. 

This result would seem to show that carbonate of lime is of 
material assistance in decomposing the sulphate of soda. To 
suppose that carbonate of soda and sulphate of lime are formed 
in the glass pot would be of little service; for the question 
would still remain, how is the sulphate of lime to be decom¬ 
posed, and sulphate of lime is notoriously difficult of decom- 
posi'tion. I would suggest 'that such an interchange being on 
the point of taking place, it is stopped on the threshold, as it 
wei*e, by the silicic acid, which, the moment that the elements 
are loosened, seizes upon the soda and lime, and prevents its 
further progress. The above experiment was conducted in a 
covered pot, so as to avoid the possibility of any carbon being 
introduced into the materials from the fuel in the furnace. It is 
probable, however, that in an open pot, even without the aid of 
any extraneous carbon, a much larger decomposition of sulphate 
wodd have been obtained; for I found, by a long series of ex¬ 
periments, that even, with the full quantity of carbon added to 
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the mixture, it was impos&^ible in a covered pot to arrive at a 
thorough decomposition of the sulphate. I attribute this partly 
to the dfficulty (o-^dng to the peculiar nature of the pot em¬ 
ployed) of getting rid completely of the gufecs which are 
evolved, and pai-tly to the £ict that (fin* the same reason) 
there is no direct action of the flame upon the materials. Glass 
made from sulphate of f-oda is of a bhiibh, while that made 
fi’om carbonate is of a veliowidi tint. An excess of carbon in 
the mixture not only increases thi^ blue tint, but also makes 
the glfiRS very coarse. In one of the ghi^h-work'S in the north 
of France which I ^usited stime year^ ago, so small a proportion 
of coal was U'sed that a certain c^uantity of the sulphate was 
always left undecomposed, and at the termination of the melt¬ 
ing was found flo iting on the surface of the glass, and had to 
be ladled off. The object of thus using the smallest possible 
quantity of carbon was to produce a glass of a veiy pure colom*. 
In this respect the result was very satisfactory; but the process 
of ladling off the imdecomposed sulphate is a Terr troublesome 
one, and, though practicable with the small pots used abroad, 
would be impossible wdth the much larger pots employed in 
England. Any undecoraposed sulphate remaining on the sur¬ 
face of the melted glass would produce what are called salt- 
blisters in the blown pieces- 

Dr. Richardson says, ‘*tlie question of the decomposition of 
sulphate of soda has long attracted my attention, and I have 
made numerous experiments. In the case ofglasR-making I am 
strongly inclined to think w^eU of a plan for its decomposition, 
by mxlphuret of sodium in this proportion: 3 (S 03 .Xa 0 ) + SNa 
s= 4{S02,Xa0), which latter would be instantly decomposed by 
the Silica. It is also a question (he remarks) whether sulphuret 
of sodium in solution could not be decomposed either wholly or 
partially by boiling with saml, and thus save the great cost of 
.the operation in a glasshouse pot-’’ 

The third principal ingredient in crown and sheet glass is 
lime, which, in glass made with sulphate of soda, is almost 
invariably introduced in the form of carbonate, whereas in car¬ 
bonate glass caustic lime is used. Chalk and limestone are 
found to answer equally well It is a curious feet that the 
glass made from limestone is harder and more to grind 

than that which is made from chalk. This may, perhaps, be 
due to the carbonate of magnesia which is found generally in 
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limestone, but in a mucli smaller degree in chalk. Limestone 
possesses, moreover, the property of causing the glass to cool 
and set more rapidly when worked into shape. 

Although glass can be produced from sand and alkali without 
any other addition, lime is a very important element, as giving 
to it hardness and insolubility. 

In flint glass this ingredient is replaced by lead, which gives 
far greater brilliancy to the glass than lime, but at the same time, 
owing to the difterence between its specific gravity and that of 
the other materials, is the cause of innumerable striae. A lump 
of the purest and most beautiful flint glass would, if blown out 
into a sheet, be so fiiU of these strise as to he utterly worthless, 
■while, on the other hand, a vessel made of the very finest crown 
glass is dull in colour, and altogether wanting in the brilliancy 
which characterizes lead glass. 

In some works it is the custom to supply alumina in the shape 
of pipeclay. I have frequently tiied this in small quantities, 
but have not found it either to improve or to damage the 
quality of the glass. It is to be found in all kinds of glass, and 
its presence may be accounted for by the action of the alkali upon 
the clay of the pot. In glass made for optical purposes, which 
undergoes a careful examination, it is found that the outside 
portion of the glass, next the pot, always contains more striae 
than the interior of the mass; and this difference may be fairly 
attributed to the presence of alumina, derived from the clay of 
the pot, which lias combined, but not thoroughly blended i’fcself, 
Avith the glass. 

This action of the alkali upon the clay of the pot is sometimes 
carried to such an extent that the inside of the pot is completely 
eaten into holes, and myriads of small stones are scattered 
through the glass. 

On comparing the proportions of the materials in the mix¬ 
ture with the composition of the glass produced, it is found 
that the two are so nearly identical as to lead to the conclusion 
that very little alkali is lost by volatilisation during the intense 
heat to which it is subjected. I do not find in any case a dlK- 
ference of more than one per cent, between the alkali in the 
mixture and that in the glass produced, and this includes the 
waste which must necessarily arise in mixing, in carrying the 
materials to the furnace, and in throwing them iuto tibte pots. 
I ought to mention, however, that, in estimating the quantity 
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of available alkali in the sulphate of soda, no account is taken of 
the chloride of sodium, which is present to a small extent even 
in the strongest salt-cake, it being presumed that the whole of 
this is volatilised. 

English crown and sheet glass may be said to contain gener¬ 
ally 73 per cent, of silica, 13 per cent, of soda, and 13 per cent, 
of lime. On the continent less sulphate is used than in 
England, and 74 per cent, of silica, 11 per cent, of and 14 per 

cent, lime, maybe taken to represent the comp ment parts of 
foreign sheet glass. The remainder is in both cases made up 
of alumina and oxide of iron. Two specimens of ancient glass 
recently analysed gave the following results:—The j&r&t. of the 
twelfth century, contains silica 51 per cent., alumina 2*16 per 
cent.; protoxide of iron 1*58, lime 8*04, magnesia 2*22, alkali 
34*40. The second, of the sixteenth or seventeenth century, 
silica 54*60, alumina 8*96; oxide of iron *75, lime 19*31, magnesia 
3*43, alkali 12*95. 

Ancient glass contains generally a considerable proportion of 
alumina and magnesia. These bases render the glass less 
homogeneous and more refractive. The silicates of alumina and 
magnesia not blending thoroughly with the other silicates, and 
the numerous striae thus caused being elongated by the process 
of blowing, the glass presents a much richer and more brilliant 
appearance than is afforded by a perfectly homogeneous 
medium. 

To the three ingredients of winch I have already spoken, 
silica, soda, and lime, it is generally the custom to add a small 
quantity of arsenic and of peroxide of manganese, of the former 
to assist in oxidising any carbonaceous impurSies and to pro¬ 
mote the decomposition of the other materials; of the latter to 
peroxidise and thus reduce the colouring property of the oxide 
of iron present. But there is, as Dr. Richardson has pointed 
out, a manifest inconsistency in employing in the same mixture, 
carbon as a reducing, and peroxide of manganese and arsenic 
as oxidising agents. 

It is true that this diiOaculty may be in a great measure 
obviated by introducing the arsenic and manganese towards the 
end of the melting, when the carbon has almost entirely done its 
work, but, on the other hand, it is not likely that metellie oxides, 
introduced, at so late a period, will be thoroughly incorporated 
with the melted mass. A gentleman who has recently visited 
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the Belgian glass works informs me that the mannfacturers 
hare for the most part discontinued the use of these oxides. 

The colour oi tlie glass is derived chiefly from tho impmdties 
in the materials employetl, Lnt partly also from the operation of 
melting, and partly fi’um the colouring matter contained in the 
fuel. ^Vhen covered pots are used, the latter source of colour 
is entirely eliminated, and we are able to look to the two former 
as the sole causes. In this case it is found that potash gives a 
more brilliant colour than soda, and lead than lime. The purest 
colour is obtained from sand, potash, and lead. When (as 
is the case in one kind of optical glass) a portion of the lead is 
replaced hy lime, and the mixture consists of sand, potash, 
lead, and lime, there is a lallmg off in colour as compared with 
the imre flint glass mixtm*e, and when the whole of the red lead 
is withdrawn and lime takes its place, a further felling off is 
observable. In other words, the pimest crown glass is inferior 
in colour to the purest flint, and between these two comes the 
glass which may be called halt-crown and halt-flint. WTieii, 
however, the proportion of lead is largely increased, and we 
reach what is called heavy flint glass, a strong yellowish tint is 
observable. ^ 

In comparing the colour of pure crown and flint glass, it is 
of course important to bear in mind that the difference may bo 
in part attributable to the difterence of the heat requii*ed for 
melting the two kinds of glass; but I do not know of any 
means of deteimiimig what shai’e in the result is to be assigned 
to tliis pariicular cause. It may indeed be remarked generally, 
that we are very much in the dark as to tlie effect of the action 
which takes placfe in the funiace upon the colour of the glass 
produced, and it is much to be debfretl that a seritM of careful 
exjierimentb should be made which might tend to throw some 
light upon this question. 

It has been well remarked, that it is better to obtain glass of 
a pure colour by using pure materials, than to endeavour to 
correct impurities by the use of manganese and other agents. 
Any slight improvement in the tint which the uso of man- 
gsmese may effect is far more than counterbalanced by its 
tendency (especially when used in any quantity) to cause the 
glass to change its colour under tho action of sunlight. A green¬ 
house, roofed vdth glass in which manganese has been used, will 
display, after a lapse of time, almost every variety of tint. 
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^ Majiy of you ai% no doubt, familiar \rith the pamphlet pub¬ 
lished by Mr. Thos. Gaffield, of Boston (TTnited States), in 
which he has described at length a series of very interesting 
experiments upon the action of sunlight on glass. It is to be 
regretted, however, that he did not acquaint himself with the 
composition of each kind of glass which he tested. 

His experiments, in 1864, and two following years, proved to 
him that nearly every kind of wmdow-gla*?s which he ex 2 >osed 
could be changed in one year; that a rose or jjink colour (or 
some tint approaching them) could be "produced in various 
kinds after a few months, and that some kinds of greenish- 
white glass would, after exposure, assume a bluish tint, or 
bluish-white. 

Mr- Gaffield quotes the statement of Pelouze:—do not 
believe that there exists in commerce a single species of glass 
that does not change its shade in the sunlight,and afSrms, as 
the result of his own experiments, that a longer or shorter ex¬ 
posure to the sun’s rays will probably alter in some degree the 
colour of all, or nearly all kinds of window-glass. 

There is, however, undoubtedly (from whatever cause it may 
arise) a marked difference in the rapidity with wliich various 
kinds of glass are affected by exposure. A piece of optical 
glass, composed of sand, potash, lead, and lime, changed colour 
after a few years; wliile a piece containing no lead, remamed 
unchanged. It is possible that a longer exposure of the latter 
glass might confirm the assertion of M. Pelouze and ilr. Gaf¬ 
field. There is considerahle difference of opinion as to the 
precise cause of the change in question. In a great number of 
cases the change may probably be correctly asmbed to man¬ 
ganese, but this does not explain the alteration of the colour of 
glass in which no manganese has been used. I can afSrm firom 
my own experience, that white glass, in which there is no trace 
of this ingredient, has, after considerable exposure, assumed a 
strong yellowish tint. 

The theory of M. Pelouze, that sunlight acts upon the pro¬ 
toxide of iron and sulphate of soda existing in certain kinds 
of glass, and provokes a reaction, from which results peroxide 
of iron and sulphide of sodium, may, as Mr. Gaffield remarks, 
have some weight in determining the cause of the yellow or 
pink colour, but does not account for the alteration which he 
observed in a specimen of plate, of crown, and of sheet glass 
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from a greeiiitoh-Trliite to a bluisli tinge, not mingled witli 
either yellow or purple. 

I would conclude my brief remarks on this difficult (luestion 
in the words of 3Ir. Gaffield: ‘•How the change takes place 
is a matter on which writers differ. It is my opinion that the 
precise explanation can only be giren after a multiplication of 
experiments, and a thorough examination of exposed and im- 
exposed specimens of glass by quantitative and qualitative 
analysis, and perhai>s by sx^ectral analysis and observations of 
photogenic effects, or photogenic tests.” 

I shall now proceed to notice briefly some interesting ex¬ 
periments and proce‘=!sos, of comparatively recent date, in con¬ 
nection with the manufacture and treatment of glass. 

By far the most important change that has been made of 
late years in the process of melting glass, has been the adop¬ 
tion of the well-known regenerative .system of 3Ir. Siemens. 
The novelty of this system consists, as you are well aware, in 
taking up the waste heat from the fiimace, in large chambers 
filled with open brickwork, and in making use of the heat thus 
saved in raising to a liigh temperature the elements of com¬ 
bustion. In order to carry out successfully the working of this 
process, the fuel is placed, not in the furnace itself, but in large 
receptacles, called *• producers,” at some little distance from it. 
The whole of the fuel, excepting the inorganic portions, is con¬ 
verted into gas, there being no reason for separating the illu¬ 
minating from the non-ilLuminating products. Thus a very 
much larger amount of gas per ton of coal is produced, than 
when, as in making gas for illuminating puqioses, a considerable 
residue is left behind in the form of coke. Mr. Siemens esti¬ 
mates, that by the utilization of the whole of the carbon, the 
quantity of gas is increased fivefold. 

The gas and an pas^^ing through separate channels, and 
having each been heated to a high degree in the waste heat 
chamhers, meet on entering the furnace, and there ignite. 
The intensity of the heat thus produced may he imagined 
when I mention that on one occasion one of the glass pots 
having given vray, a piece fr-om its side fell against the side of 
the fiirnace, and so soft was the day of the fornace that the 
impression of the pot falling against it was as distinct as if it 
bad fallen upon wax. An idea of the enormous heat may be also 
thus csonveyed. A sheet glass furnace contains 1,800 cubical feet, 
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or thereabouts, equal to a room 20 feet louf^, 10 feet broad, and 
9 feet high. This chamber coutaiub 8 large pots of clay, and 
in them materials equivalent to abt>ut Id tons of glass. In 
25 hours (^vithout any previous flitting) the materials are 
melted, and reflned into a liquid transparent mass. 

The amount of fuel saved by this process is dependent, in a 
great measure, on the change v.-liich can lie effected by it in 
the quality of the coal employe<l. THiere, as, fur instance, in 
the manufacture of flint glass, large coal ib onliuarily used, and 
small coal, or slack, can, under the system of ilr. Siemens, be 
substituted, the saving of fuel is very considerable; but in 
processes in vrhich an inferior description of coal is already in 
use, the margin for economy is very much smaller. But what¬ 
ever question may be raised as to the cheapness of the process, 
its cleanliness is undeniable, and for glass made in open pots 
this is a matter of no small moment. In Belgium the small 
size of the pots, the great deptlx of the grate-rouin, and the 
nature of the coal employed, admit of a very quiet method of 
working under the ordinary system, and the injuiy sustained by 
the glass fi’om exposure to the smoke is comparatively trifling; 
but in England, especially where non-bituminous coal is used, 
the amount of coal-dust carried into the pots is considerable, 
and the system of Mr. Siemens is proporfonately beneficial. 
To aflSrm, however, that no impurities or deoxidizing agents 
firom the fuel find their way into the glass in Mr. Siemenf»*s 
gas furnace would be contrary to the experience of many who 
have not been able to obtain in any of thebe fiii*uaces in open 
pots glass as pure and bright as can be obtained in covered pots. 
For this reason the process has not yet been aj^plied generally 
with success to the manufacture of flint glass in open pots. 
M. Bontemps informs me that the Comiiany of St. Louis have 
at length succeeded in overcoming this difficulty, and are using 
open pots for flint glass, with coal as the fuel, mth certain 
modifications of ilr. Siemens’s system, ilr. Siemens, how¬ 
ever, states, in a recent communication, that the fuinaces 
which he erected at the St. Louis flint-glass works do not 
differ in construction from others erected by him since 1863. 
The gases enter the furnace in combustion through a single 
orifice in the si^ge near one end, and pass away through a 
similar orifice near the other end. and vice veml By this 
arrangement the construction of the furnace is much simplified, 



254 


rtTTAvma ON THE AOlNUPAOTURB OE GLAga. 


and the result is much more satisfactory, both as regards heal-* 
ing poTrer and economy of fuel. 

Sir. Siemens adds that the consumption of fuel under this 
system is, in the manufacture of crystal glass, 15 cwt. of small 
coal per ton of glass worked out and cut, while in plate glass 
wor!lb it does not exceed 7 cwt. per ton of glass poured. 

In metallurgical processes Mr. Siemens estimates the saving 
of fuel at 40 to 50 per cent. In steel melting, 14 cwt. of coal 
will fuse 1 ton of steel, in the place of 3 or 4 tons of hard coke, 
as used at Sheffield. 

The production of silicate of soda from the decomposition of 
common salt by siHcio add has long engaged the attention of 
chemists. I need only briefly refer to the well-known pro¬ 
cess patented by Mr. Gossage. Chloride of sodium, in the 
state of vapour, and mixed with steam, is passed through a 
tower fiUed with white hot flints. Silicate of soda and hydro¬ 
chloric acid gas are produced; the former flows downward in 
a melted state, the latter passes upwards. I believe I am 
correct in stating that Hr. Gossage has not as yet been suc¬ 
cessful in producing by this process, silicate of soda suitable for 
the manufacture of glass. 

In the Annales du Genie Civil, March, 1867, mention is 
made of the process of M. Brisse for effecting the same object, 
the chemical reaction on which it depends being the same as in 
Mr. Gossage’s process. M. Brisse commences by melting 
common salt in a suitable reverberatory furnace. When the 
fusion is complete, a jet of superheated steam is injected on the 
surface of the salt, and finely powdered silica is, from time to 
time, thrown into the furnace. Hydrochloric acid is given off, 
and silicate of soda remains. 

Mr. George Gore, of Birmingham, has recently made some 
very interesting experiments with reference to the production 
of silicate of soda from common salt in the glass pot itself, 
which, with his permission, I will briefly notice. Mr. Gore 
has devised a mixture of glass materials in which steam shall be 
liberated throughout, at a high temperature only, and, therefore, 
under the conditions most effective for decomposing the common 
salt. In this mixture, suli)hate of soda, and consequently coal 
tff charcoal, are dispensed with altogether, and substituted for 
them is a chemically equivalent mixtm*6 of hydrate of soda 
(Na.OHO) and common salt, these two ingredients being also 
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in quantities cliemically equivalent to each other, and repre¬ 
senting together, a'3 nearly as pos'sible, the annuint of alkali 
contained in the ordinaiy sulphate mixture. The mixtui-e 
thus modified consisted of sand, cuUet, or waste glass, chalk, 
common salt, hydrate of soda, arsenic, and manganese. The 
chemical reaction of these new materials is represented by the 
following chemical equation and sclieme of decomposition:— 


NciO.no + i>Si02 + Xaa = 2CXc.0.Si0,) -h HCl 



In this reaction the water (HO) of the hydrate ot soda 
decomposes the common salt (NaCl) at high temperatures, and 
forms hydrochloric acid (HCl) and anhydrous soda (XaO). The 
former escapes as gas, the latter unites with the mKca. 
Sir. Gore succeeded in obtaining by this process a transparent 
glass; but the cost of the caustic soda is such as to render the 
mixture more expensive than with sulphate. It is, moreover, 
much to be feared that the vapourised salt would, by its action 
upon the clay of the pots, cause so rapid a wear and tear as 
seriously to interfere mth the success of the process. When¬ 
ever in a carbonate mixture there is present more than an ordi¬ 
nary proportion of chloride of sodium, the effect upon the pots 
is very marked. But whatever may be the olistaeles to the 
use of chloride of sodium in the glass pot itseli^ there is good 
reason to hope that before many years have elapsed the direct 
conversion of this material into silicate in the furnace will be 
successfolly aocomphshed. 

Monsieur Bitterlen has patented a process for the use of 
sulphate of baryta and felspar, in the place of carbonate or 
sulphate of soda in the mauudEacture ot glass. His mixtui'e con¬ 
sists of silica, sulphate of baryta, felspar, and carbonate of 
lime. 

A cylinder of this glass was exhibited at Paris, and it was 
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stated that those suhstaiicos wor<‘ oinployi'd iu th(‘ir iiatiirnl 
state, without liaviiig been subjectod to any preparniiou boyond 
that of grinding.^ 

In connexion wth tlie exhibition, I may allude to anoiber 
veiyintereMing process, I moan that patenied byM, II are eh a 1, 
for the employment of neutral fluorides of ihe jxlkalios in <‘t<*hing 
upon glass. This process has abeady been mentioned in one 
of the numbers of the Chemical Nows; but, as it may be now 
to some of yon, I may bo pardoned for saying a few words re- 
spectiug it. 

Hydrofluoric acid in a liquid state is used extensively, as you 
are well aware, in the engraving of glass. When applied to the 
sur&oe of glass, it produces upon the parts exposed to its action 
an appearance resembling that of wheel-cut glass. 

Hydrofluoric acid gas imparts, on the contrary, a dead dull 
surface, somewhat similar to that of white enamelled glass. 

This latter method of engraving is exceedingly effective, but 
the use of hydrofluoric acid gas is objectionable, not only on 
account of its deleterious properties, but because the semi- 
opaque effect which it prochices is to some extent destroyed by 
the hquid hydrofluoric acid which is formed while the action of 
the gas is going on. 

To avoid these difficulties, M. Mar<ichal has had recourse to 
solutions of the neutral fluorides of the alkalies. The addition 
of hydrochloric acid to these solutions disengages hydrofluoric 
acid, which, coming in contact, in the nascent state, with the 
silicic acid of the glass placed in the liquid, produces rapidly a 
deadening upon the surface exposed. 

In order to render the fluoi*i(les of load and calcium insoluble, 
or nearly so, in the liquid in which they are fornicd, and thus io 
prevent any coimter-action upmi the surface of the glass, it is 
necessaiy to saturate th(‘ solution with sulpliato of potash, or 
some other substance, whidi will effect tlio same purpose. 

The French companies of St. Louis and IJaccaj-at have 
adopted this process; and by varying tlie degree of action of 
the aedd upon the glass, and combining the bright with the dull 
etching, have succeeded in carrying out very rich and artistic 
designs, avoiding on the one hand the costly process of cutting, 
and on the other the comparatively coarse and less permanent 
result obtained by the use of euameL 

I daall conclude my paper witii some remarks upon a process 
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'wliiclx, ttiOTZgli not at present in use, may possibly be some day 
revived, and which, even if looked upon as finally extinct, pos^ 
sessos, novertholess, considerable interest in its relation to the 
manufacture, and especially the devitrification ?)f glass. I refer 
to tlie process of melting basalt, and of converting the melted 
glass thus obtained into a substance very closely resembling the 
oiiginal stone. 

The successful accomplishment of this conversion depends 
upon the well known fact that glass, by slow cooling, becomes 
more or less devitrified, that is to say that its atomic condition 
is altered, the constituent parts remaining the same. The more 
bases a glass has, the more easily is it devitrified. Glass made 
with c'arbouato of soda, as I have already mentioned, displays 
this Icudeiicy more th«in sulphate glass. As far as our expe¬ 
rience* goes, devitrification follows more readily from the use 
of soda than of potash. Our optical glass, which contains potash 
only, and is cooled slowly down in the pot in which it is made, 
is not subject to this change; but I have here a sample of soda 
glass, containing more lime and less alkali than our potash 
glass, wliieh alter the same slow method of cooling, shows veiy 
decided symptoms of devitrification. I have also specimens of 
our ordinaiy crown and sheet glass, which have undergone this 
change in various degrees. The basalt of South Staffordshire, 
known in that district under the name of Rowley Rag, is well 
adapted for reconversion, when melted in its original form, both 
from the small quantity of alkali, and the variety of bases which 
it contains. Tho following may be taken as an average 
analysis:—Sili<ia, 48; oxide of iron, 16; alumina, 16; lime, 9 ; 
moisture and volatile matter, 5; soda, 4; hydrodiloric acid, 1. 

Tho fusibility of basalt and tho facility with which, by slow 
cooling, it can be reconverted to its original foim, was demon¬ 
strated by Sir James Hall, at the commencement of the 
present couluiy; but I am not aware that it was proposed to 
render tins material available for manufacturing purposes, 
until in the year 1851, Mr. Adcock, a civil engineer, suggested 
to our firm its employment in the manufacture of pipes as a 
substiiute for iron. No difficulty was found in melting the 
Rowley Rag in an ordinary reverberatory furnace. At first 
iron moulds were employed, but the heat to which they had to 
bo subjccled in order to effect thorough devitrification, was 
such as to warp and spoil them. It was then suggested that 
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Sfuid moulds might be made available, and it was found that a 
mould of saud, cased round with iron, could bo boated in a 
close ovou to a bright rod heat without injury, and that the 
liquid glass, whCii co<Jed slowly down in tliis mould, was coin- 
plctely converted into ftiouo. 

The melted nidtox’ial was tapped from the fiiniaco into ii*on 
vessels, having at the bottom n moveable plug, 'l^he part next 
the inner side of the vessel and that oji the top formed a crust 
wliich kept the mass within in a liquid state, llepeated ox- 
perim<*nts proved, that the longer the melted material was 
allowed to remain in the iron latlle, before (‘astiug, the stronger 
and sounder was tlie stone, and that when it was poured into 
tlxe mould immediately after it had left the huuace, tlie stone 
was roiten, and not thorouglily deviirified. The tenacity of 
the stone seemed to be incroasod by allowing it to beeouio as 
stiff as possible before casting. When the sand moulds were 
not sufficiently heated, or the cooling was not gradual enough, 
partial devilrification only ensued, nodules of stone being 
scattered through the glass; but there was invamidy in tJds 
(‘ase a coating of stono, of greater or less thickness, against 
the sand. From this fact it woxild appear that tlie process of 
devitrification commenced not from the interior, but from the 
outside of the casting. 

The glass or stone produced from any molting could, by re¬ 
molting, be produced in the same form, or could bo converted 
from glass into stone, or stone into glass, aecorffing to tlie luto 
of cooling, successive meltings Laving no effect whatever upon 
the power tif conversion or rci>roduction. 

After reixcatod trials, injies were produced completely recon¬ 
verted to stone; but the difficulty of unifonnly obhiiidng 
tliorougli dtwitrilication, when dealing v/ith so midW a jnass, 
appeared to be insuperable, and we wej’e reluctantly comiielled 
to abandon this bnuich t>f the mannfacliu’e. 

Attention was then given to the i>roduction of stono for 
building purposes, and in tins, so far as th(‘ manufacture itself 
was concerned, we were entirely successful, the devitrilication 
of the material being accomplished with the gToatest certainty; 
but the cost of the process was too great to admit of its being 
carried out successfully as a commercial undertaking. 

Notwithstanding these failures, there is still a wide field open 
to any one who might be tempted to carry out this interesting 
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process from the point at which it was left. Large blocks of 
stone, for pavements, for sea-walls, fortifications, or other places 
where great strength and dmability are required, can be oast 
with the greatest facility, and, of course, at % much cheaper 
rate than when, as in the case of ornamental stonework, the 
cost of the moulds is a serious item. There is one fact bearing 
npon this question, of great importance, which we ascertained 
by repeated experiments—^namely, that if a large number of 
pieces of the natural basalt be placed in and heated up with 
the sand mould, and the melted material be then poured in in 
the ordiuciiy manner, not only is the devitrification of the fused 
portion perfect, but the cementation is so complete that a block 
thus forjuod is stronger than when composed of melted basalt 
only. It is searcoly iieecssaTy to point out that the quantity 
of fuHod stone roquiied being thus gre<atly diminished, the cost 
of the process is greatly diminished also. 

Thc^ eflb(‘i of rapid coaling was taken advantage of to pro¬ 
duce shoots of black glass. The molting of the basalt in the 
^asB pot, and the process of rolling it out upon the table was 
accomplished without difficulty, but the annealing, owing to 
the hardnoss of the glass, required considerable care. It was 
proposed to use this glass for roofs in the place of slates, and a 
railway station in Scotland was covered with it; but the com¬ 
position of the glass was such as to render it unable to resist 
sudden changes of temperature, and nearly every sheet was 
cracked duiing the alternations of a variable winter. 

The addition of a certain quantity of alkali would, no doubt, 
overcomo tlxis diiBoulty, but the increased cost would quite 
counterbalance the advantage of using a cheap material as a 
basis. * 

1 have spoken of the glass as being black. When gathered on 
a trying rod from the furnace it appears so; but when seen in a 
very thin film, it is nearly transparent, its opacity increasing 
•witii its thickness through sliadcs of yellow and brown to the 
de<‘p(‘St black. 

On comparing the basaltic stone produced by the process 
whi(*h I have described with the natural basalt, it was found 
that the latior was of a closer grain than the former. The 
difforenoo of cireumHtanoes under which the fiision and devitrifi¬ 
cation took place miy account for the difference in the result. 

The amount of dovitrificatdou is dopendont, not only on the 
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rate of cooling; but upon the temperature at which the process 
of cooling commences. If the irioulcls are not suflSciently 
heatocl, the converhion to slone will bo im])(‘rfect, however 
gradual the snbsc(iucul loss of heat maybe; and the same* rcHult 
will follow from a too rapid gracLiiion in the downward tem¬ 
perature, however liigh it may liave been at starting. 

It woxild, no doubt, be possible to devitrify a solid mass of 
basaltic glass by continuous exj)osiu-e to a very high degi'cc of 
heat; but as all our «‘X])eriinents were made with this glass in a 
melted state, I am not able to atfirni from actual observation 
that such would be the case. 

I may add that ineomploio dewitrificatiou was invaiiably 
shown, not by a converHion of the whole of the molted material 
into a semi-stony state, but by the formation of nodnles of 
stone, varyiixg in number according to the conditions of cooling, 
the residue retaining the form of a perfect glass. 

Some experiments which were made with ordinary window 
glass, by melting and cooling it in a manner similar to that 
adopted foi- basalt, proved that, without the addition of lime, it 
was very difficult to obiain complete devitrification. When 
lime was added, a greenish white stone was the result of slow 
cooHug. Small pieces of lime, however, remained in the casting, 
and as these absorbed moisture and expanded, the mass was 
blown in a few hoxxrs into a thousand pieces. 

It was also found that ordinary window glass, by grinding it 
into powder, and mouldiug it (with the aid of moisture) into 
shape, with or without the addition of sand, could be cemented 
by a strong heat into a solid and thorougldy dovitrified mass; 
but file result was uot sufficiently satisfactory, as regarded 
hardness and durability, to make the process of much practical 
xxso. 
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XXX.— On the Tetraphosphone Amides. 

By J. a Gladstone, Ph.D,, F.R.S. 

In previous coiximmdoatioiis I have described a series of add 
amides -which may be viewed as pyrophosphoric add, in which 
one, two, or three molectiles of HO have been replaced by 
TJhe formulae of -these bodies, of com-se, contains Pg. I have 
now to describe another series of acid amides which require 
form-ulae containing P 4 , and may, therefore, be termed tetrao 
phosphoric. 

So &x as is kao'wu at present, these compotinds^ are pro¬ 
duced only the action of water on the amidated ozyohloiides 
of phosphorus. 

If the oxyobloride POI 3 O bo saturated with dry ammoniacal 
gas, mther ak a low or a moderate temperature, the resulting 
white mass will dissolve in wateir, with the exception, perhaps, 
of a little pyrophosphotriamie acid. The solution is sure to 
contain pyro-diamio add, but, generally q>eahing, on the addi¬ 
tion of alcohol a predpitate appears. It is not, however, 
tmifbrm in character, sometimes bdng a visdd liquid, at other 
times a light solid, and more frequently a sticky fioccnlent 
inreoipitate, very suggestive of the idea that it is a mixture of 
the two. The ultimate analysis of different preparations con¬ 
firmed this idea, or rather led to the belief that there were 
more than two compounds proci^table by alcohol from the 
aqueous solution. Notwithstanding the ingenuity and perse- 
veianco of my assistant, Mr. Tribe, it was impoesiHe to 
determine the conditions under which one or other of these 
adds was formed, or to separate them in a perfectly satis&otory 
maimer; still 1 hdieve that I am in a position to assign foimulse 
to the liquid and Ihe light soHd compounds. 

Aurm ua iNSOIiUmiB m AlXJOHOIi. 

TAquid Compmaid. —^Two different preparations gave very 
limpid liquids. They were purified by washing with alcohol, 
or by solution in water and repredpitaiion with s^nrit. Th^ 
were dried over sulpburio cKsid in vacuo, but were found to be 
very hygroscopic, and very diifioult to :^e from the last traces 
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of water. The analysis was ejffected by bofling with hydro¬ 
chloric add, which resolves all these compoimds after a while 
into oithophosphoric add and ammonia. 

I. 0T97 grm. of the first preparation gave 0’556 grm. of the 
ammonio-chloride of platinum. 

n. 0*271 grm. gave 0*307 of pyrophosphate of magnesium. 

in. 0*0955 grm. of the second preparation gave 0*108 grm. 
of pyrophosphate of magnesium. 

IV. 0*2115 grm. gave 0*595 grm. of ammonio-platinum salt. 

V. 0*2565 gim. gave 0*291 grm. of pyrophosphate of mag¬ 
nesium. 

Those numbers, reduced to a percentage, give— 

First preparaiioA. Second preparation. 


I. IL III. IV. V, 

Phosphorus.... — 31*68 31*58 — 31*68 

Nitrogen ...... 17*70 — — 17*65 — 


These numbers show that the equivalents of P and N are in 
the ratio of 4 to 5, and they approach to what is required by the 


fonnula P 4 N 5 Hi^Oii:— 

Phosphorus. 32*04 

Nitrogen . 18*09 

Hydrogen... 4*39 

Oxygen... 45*48 


100*00 

This body combines with ammonia to form a Kquid compound 
less soluble in wator, and insoluble in alcohol, from which, how¬ 
ever, unlike the acid, it does not readily separate in drops. On 
treating this ammonium compound with a weak acid, the original 
liquid is restored. 

An aqueous solution of this body gives solid precipitates 
with many metallic salts, but its composition seems generally 
to be altered by union with the metal. Indeed, those salts 
which have been analysed always contained less than five atoms 
of nitrogen; and when any of them were decomposed by an 
acid, the liquid body was not reproduced, or, at any rate, was 
mixed with the solid tetraphosphoric amides, and with pyro- 
oompounds. Nitrate of silver, for instance, gives, in a slightly 
add solution, a white flocculent precipitate, which seems to be 
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somewhat soluble iu water; in an azomoniaGal solution, a very 
heavy yellow compound, which increases in weight and in depth 
of colour on standing for some days with the ammonionsilver salt* 
Neither of these gave uniform results on analysis, and neither 
of them contained nitrogen in a larger proportion than three 
atoms to four of phosphorus; indeed, the yellow compound 
contains the smaller amount, and seems to consist, in a great 
measure, of orthophosphate of silver. 

It would appear, therefore, that the dements of ammonia are 
easily sepai-able from this liquid. It will stand a heat of 100® C. 
without decomposition, but a cold solution of hydrate of potas¬ 
sium makes it give forth an ammoniaoal odour. It may be 
regarded as an acid ammonium-salt, and for theoretical reasons, 
.to be explained presently, I am disposed to call it tmirnTnomateA 
tetrapJu)qpho~diam{c acid^ P4(NH2)2(NHJ^HOii. 

A portion of this liquid acid remained perhaps a year covered 
with aloohoL Crystals grew about it, and eventually it seemed 
almost wholly converted into crystals. A solution of the best 
of them in water gave indications of their being the ammonium- 
salt of some unknown acid, which yielded a white silver-salt, 
but no ferric compound, either at the ordinary temperature or 
on boiling. The mass was dissolved in water, and evaporated 
in vacuo; but the substance, after crystallisation, was found to 
have changed into ordinary phosphoric acid and ammonia. 

Solid Acid. —^It has already been stated that when the liquid 
compound is treated with a metallic salt, and the resulting pre¬ 
cipitate is decomposed by an acid, more or less of the solid add 
is obtained; but this is a very destructive process, and another 
method of preparing ihe substance seemed practically to give 
better results. It was found that the sticky flocculent precipi¬ 
tate often thrown down when alcohol was added to the solution 
of mixed adds, contained between 4 and 5 atoms of nitrogen 
to 4 of phosphorus; but it was also found that hy tire action of 
strong adds upon it a change took place in its physical properties, 
and the percentage of phosphorus was gradually raised. Thia 
was easfly effected hy dissolving the mixed adds in wateij 
adding a very large quantity of some mineral add, repredpi- 
tatinghy alcohol, and repeating the process until the flocculent 
substance became rather sparingly soluble in water, and quite 
friable when dry. This also was a destructive process, but while 
imperfect preparations showed that this solid add contained less 

X 2 
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amidogen and less osygen than the liquid add already describedi 
two specimens, the one prepared by hydrochlorio, the other by 
sulphuric acid, gave numbers agreeing well with the formula, 
P^N^HjoOg. 

0*170 gim. of add gave 0“225 grm. of pyrophosphate of mag¬ 
nesium. 

0'085 grm. gave 0*227 grm. of ammonio-ohloride of platinum. 


I. n. 

That is,— Phosphorus.. 36*96 — 

Niti'ogen.... — 16*75 

almost identical with telraphospho-tetramic acid 

Phosphorus. 37*12 

Nitrogen. 16*76 

Hydrogen. 3*00 

Oxygen. 43*12 


100*00 

« 

The symmetrioal formula given above assmnos that none of 
the nitrogen exists as ammonium, and this is justified by the 
fe.ct that a solution of the oompoimd gives no immediate pre- 
dpitate with bichloride of platinum. 

This solid add can be produced equally well by the action of 
adds or alkalies on the liquid compound; for instance, of cold 
strong solutions of nitric acid, or of carbonate or hydrate of 
potassium, or by boiling it for an hour or two with pure water. 
Pyrophospho-diamio add, and other compounds are generally 
produced at the same time, while in two or three instances 
there was a little white solid formed, which was practically in¬ 
soluble in water, and gave the ordinary reactions of ijyrophosplio- 
triamic add. 

A comparison of the formula will show that these decompo¬ 
sitions may be simple enough: 

4- Hd = NH 4 CI + 2 H 3 O 4 P 4 N 4 H,oOg, TetraphoS'* 
pho-tetramio add. 

P^NgHiiyOij 4 KHO =: NH 3 4 8 H 3 O 4 P 4 N 4 HgK 0 g, Tetraphos- 
pho-tetramate of potassium. 

— 2 H 3 O 4 P4N4H9(NH4)0g, Telraphospho-tetramate 
* of ammonium. 
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In piactice liliefe is always more or less of a farther hrealdng 
down, such as, 

PAH„0„ + Hca = NH^a + H^O + SCPaNsHeOj), Pyxo- 
diamio add, or 

PAHi,0„ = 2 H 3 O + PaN^eO, + PaNsHjO*, Pyro-triamio 

add. 

The final result of the contumous breaking down of 
Kqnid oompotind is probably in every case— 

+ SHgO sa 5 NH 3 4 - 2 (P 2 H 407 ), Pyro-phosphoric 
add, 

which, in its turn, assnnung the elements of more water, becomes 
4 xnoleoulos of PH 3 O 4 , Orthophosphoiic acid. 

This solid -tetramic add combines with bases, and may be 
separated from its salts apparently unchanged. 

The ammonium compound is soKd, like the add itself, and is 
also precipitable by alcohol &om its aqueous solution. It seems 
to give up all its ammonia when dried in vacuo, but a specimen 
dried in the air gave 19*3 per cent, of nitrogen. The formula 
P 4 (NH 2)4 H(NHj 09 requires 19’9 per cent. This seems also to 
have been very nearly the composition of one specimen of the 
solid white predpitate obtained by alcohol, though it had been 
dried for 4 or 5 days over sulphuric add in vacuo. Ammonia added 
to a strong solution of the add, produced at first a crystalline 
predpitate, which was re-dissolved on adding more of the alkali, 
from which it may be inferred that there are two ammonium 
compouiids. 

There certainly are two silver salts. If the aqueous solution 
be treated with nitrate of silver, a white or nearly white pre¬ 
dpitate fidls; if it be treated with the ammonio-nitrate, the 
predpitate is of a dirty yeUow colour, very easily affected by 
light, and readily dislinguishable from the bright yellow pre¬ 
dpitate obtained from the liquid add. These two salts were 
prepared from a small specimen of this add, which was con¬ 
sidered pure. 

0'078 grm. of the dirty ydlow salt gave 0*068 grm. of chloride 
of silver, and 0*073 grm. of ammonio-ohloiidq of platinum. 

This gives the following numbers:— 
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Nitrogen . • .. .. 5'90 

Silver .. .. •. 65"63 

showing that nearly 6 atoms of silver had combined with the 
acid, and indicating the composition P 4 N 4 H 4 Agg 0 g, a very likely 
formula, as the silver has repla.ced all the hydrogen which is 
theoretically possible in this kind of compound. 


Phosphorus. 12'70 

Nitrogen. 6*74 

Hydrogen............ 0*41 

Silver . 66 40 

Oxygen. 14*75 


100*00 

Two specimens of the lower silver-salt gave discordant results, 
but led to the belief that the white salt is the bibasic tetramato 
P 4 ^(NB^ 4 AgQOg, mixed with a small quantity of the higher com¬ 
pound. 

Amide Insoluble in Wateb. 

If oxychloride of phosphorus be rapidly saturated with am¬ 
monia gas the tempora^re becomes very high, and on the 
addition of water, a white body remains, which is not pyrophos- 
photriamic acid, for it does not give a yellow compound when 
treated with ammordacal nitrate of silver. In order to prepare 
this substance in a pure state, the compound of PClg^O and 
4 NH 3 , produced without regard to temperature, should be 
heated for a while at rather above 200 ® 0 ., indeed at miy tem- 
peratmo between that and what is required to volatilisso the 
chloride of ammonium. Sumo moleotilai* change is thus effected 
in the amidatod oxychloride, and on the addition of water, little 
or none of the phosphorus finds its way into solution in any 
form, while thoro is produced a now insoluble acid. 

The ultimate composition of tlus body was determined by the 
usual method of analysis. 

• I. 0*384 gnn. gave 1*405 gum. of ammonio-chlorido of plati¬ 
num. 

n. 0*059 grm., of another preparation, gave 0*208 grm. of 
ammonio-chloride of platinum. 

in. 0*203 grm. of a third preparation, gave 0*280 grm. ot 
pyrophosphate of magnesium. 
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IV. 0*261 grm. of a portion, vrhioh had been washed witii 
strong HQ before drying and waghing, gave 0*359 gnn. of 
pyrophosphate of magnesitun. 

V. 0*249 grm. of the same, gave 0*871 grm. of ammonio- 
dbloiide of platmmn. 

VL 0'218 gim. dried at 100° C., gave 0*810 gnn. of ammonio- 
chloride of platinum. 

Vn. 0*218 grm. of the same, gave 0*303 gnn. of pyrophos¬ 
phate of magnesium. 

These numbers give:— 

I. a la IT. V. Ti. VII. 

Phosphorus — — 38*52 38*41 — — 38*80 


Nitrogen .. 22*4 22*12 

— 21*95 23*29 — 

These numbers indicate 5 atoms of nitrogen to 4 of phospho¬ 
rus, and agree best with the formula P^N^HgO^. 

Phospboms. 

. 39*36 

Nitrogen. 

. 22*22 

Hydrogen. 

. 2*86 

Oxygen. 

. 35*56 


100*00 

As • fchia formula does not admit of each atom of nitrogen being 
satisfied with two atoms of hydrogen, we cannot look on the 
substance as a complete amide. I suggest as its name, simply, 
totraphospho-pentazolio ooid. 

The bo V, however, though insoluble in -water, is liable to be 
decomposed by it. When boiled with water, it is at once re¬ 
solved into pyrophosphorio compounds, and -without change oi 
appearance, for the -triamio add produced is white and insoluble, 
like -the compound, while -diamio and -amic adds enter 

into solution. 

PAHgOy + 2HaO = PaNsHyO* + P^NAOs. or 
P^HjHgOy + 3HjO sa P^gHy 04 + PjNHjOg + bTHg. 

A piTmlar change also takes place, slowly, at the ordinary tem¬ 
perature. Spedmens which had been set aside for a few days, 
were generally found to give a yellow compound, -with ammo- 
T„*n/«>1 nitrate of silver; and those which ^d been placed in 
bottles after having been dried only in the air, were foun^ after 
a few months, to be resolved mainly into pyro-triamio and 
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"dlaioic acids. In one case a large quantity of orthopliospliato 
of ammonium was found; in another, some terammoniatod te^ 
traphospho-pcntamic acid. The formatiou of thoBO additional 
bodios is also easily explainod;— 

P 4 N 5 H 9 O, + 5HaO = PiNgHyO* + 2 PH 3 O 4 + 2 Nfl;, and 
P^NjEgO, + 4HaO = 

This substance resembles pyrophospho-triamio acid in com- 
bming readily •with alkalies, and in decomposing metallic salts, 
forming, in every instance, iasoluUc, or nearly insoluble com¬ 
pounds. There were considerable difficulties attending the 
preparation of pure salts, besidos the suspicion that the spom- 
men of add itself might not be always de&oite in composition. 
The following observations, however, may he worth recording:— 

Ammmiivm Sa3A. —0*505 grm. of the add, treated with strong 
aqueous ammonia, gave a solid compomid, which, when dried at 
100° 0., showed an incroaso in weight of 0*028 grm., or 5*5 pw 
cent. The formula P 4 NgHg(NH 3 ) 07 , would give an increase of 
6*1 per cent. 

Tliat the original substance is not an ammonium salt, in the 
ordinary sense of the term, is proved by the fiict that it may bo 
produced from the amidated oxychloride in the presence either 
of strong hydrochloric add or of strong potaslo. 

Poimnvm Salt .—If the add bo washed repeatedly with a 
solution of hydrate of potassium, a wb’te insoluble compound 
is formed. A spedmen was analysed;— 

L 0*208 grm. gave 0*253 gnu. of pyrophosphate of magae< 
Slum. 

n. 0*220 grm. gavo 0*150 gnn. of potassio-dhloride of plati- 
mun, and 0*726 gnu. of ainnionio-eliloride. 

The uumhors deduoetl from this are suffidently close to those 
calculated from the Ibiinnhi P^NjIIgKOy, to loave little doubt 
that this is tlio composilion of the s ilt. 

Calculated. Found. 

Phosphorus.. 85*12 34*80 


Nitrogen. 19*82 20*69 

Hydrogen . 2*27 — 

Potassium . 11*07 10*89 

Oxygen . 31*72 — 


100*00 
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Salt .—Tids add decomposes chloride of copper dis¬ 
solved in water, bnt a specimen so prepared was ionnd to be 
imperfect; at least, it yielded on analysis 21"52 per cent, of 
nitrogen, and 6-12 per cent, of copper, whereas P^WgHgChiOy 
wonld reqTaire 9*l#^per cent, of the metal. When treated with 
an ammonio-cDpper salt, this first compound took np more 
copper, more in fact than one equivalent, for the new compound 
contained 11*49 per cent. 

Lead Salt ,—^Three different specimens of this salt were pre¬ 
pared by the action of acetate of lead on the solid acid. They 
were found to contain respectively 30*3, 34*6, and 38*0 per cent, 
of metal, the last being associated with 11*86 per cent, of 
nitrogen. This also indicates more than one atom of lead, but 
the formula P4N5H^Pb20y requires 39*8 per cent. 

Silver compounds ,—^The action of silver salts on this acid 
appeared worthy of study, and has led to unexpected results. 

If it be treated with ammoniacal nitrate of silver, it gives a 
heavy compound of a pale yellowish brown colour. 

This analysed in the usu^ way gave 

I'irsi prepazation. Second preparai^knu 

Phosphorus .... 18*65 — — 18*41 — 


Nitrogen. — 11*32 11*05 — 10’05 

Silver . 54*59 54*19 54*18 54*20 54*48 


These rewilts do not agree with any formula* 

If this acid bo treated with neutral or slightly acidulated 
nitrate of silver, a heavy compound, also of a pale yellowish 
brown colour, is formed, but its composition is quite diflferent 
fipom that of the preceding. 

I. 0*852 grm., analysed in the usual way, gave 0*196 of chloride 
of silvor. 

I. 0*521 grm. of a second preparation gave 0*293 of chloride 
of silver, and 0*428 of pyrophosphate of magnesuim. 

ni. 0*452 grm. of the same gave 0*257 of chloride of silver, 
and 0*367 of pyrophosphate of magnesium. 

IV. 0*492 gim. of a third preparation gave 0*275 of chloride 
of silvor, and 0*870 of ammonio-cliloride of platmum. 

Y. 0*485 grm. of the same gave 0*272 of chloride of silver, 
and 0*424 of pyrophosphate of magnesium. 
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Which, give the feilovring percentages :• 


I. n. ni. IV. V. 

Phosphorus.. . — 22*94 22*67 — 24*41 

Nitrogen. — — — 11*09 — 

Silver . 41*91 42*33 42*80 41*98 42*21 


This seems to shovr that the nitrate of silver had effected 
what the hydrochloric acid had £u1od to accomplish—^the 
removal of a portion of the ammonia, and that the new com¬ 
pound was in foot 


Pho^homs .. 24*22 

Nitrogen. 10*94 

Hydrogen. 00*78 

Sflver . 42*19 

Oxygen. 21*87 


100*00 

This may he regarded as the normal P^NgHgAgO^, in which 
one molecnlo of ammoniom has been subsequently replaced by 
silver. But for the purposes of nomenclature, it may be better 
to view it as containiag 4 molecules of NH, when it may be 
called Tetreq>hoapho-tetrmate of Sihw. It is dear that the 
pentazotio add cannot be regained from it by simply decom¬ 
posing ihe salt with an add. On trying the experiment Wth with, 
hydrodxloiic and with nitric add, it was found that no insoluble 
add was produced, but that the solution contained tetraphospho- 
tetromio and pyrophospho-diamio adds. The formation of 
either of these is very natural. 

P^N^HgAgaO, + 2Ha + 2HjO = 2Aga + PgNgHioOj, or 
P^N^H^AgaO, + 2Ha + 3HaO = 2Ag01 + 2(PaNaHg08). 

As this new add seemed to be deserving of ftirtiier study, an 
attempt was made to prepare a large quantity of the silver salt 
from a new specimen of osydhloride of phosphorus; but the salt 
was lighter in colour and different in composition, though the 
silver and nitrogen proved to be in the same ratio. As the 
oxyohloxide was possibly not pure, it *na8 re-distilled ffom an 
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additional qnantily of boracic adid^ but a similar result *was 
obtained* The only kno'wn difference in the manner of pr^ 
paration was that the amidated oxychloride had not been 
heated so long at a high temperature. A portion was therefore 
exposed to 230® C. for about ten hours, and a silver salt was pre¬ 
pared from it. The result was somewhat intermediate between 
those formerly obtained. 

I. 0*380 grm. of silver salt gave 0*223 grm. of chloride of 
silver, and 0*720 gim. of ammonio-platinum salt. 

IL 0*356 grm. gave 0*210 grm. of chloride of silver, and 0*311 
of pyrophosphate of magnesium, which give:— 


Phosphorus.. 

I. 

n. 

24-39 

Nitrogen.... 

11-88 

— 

Silver. 

44-17 

44-40 


The ratio of atoms of nitrogen and silver is still 2 : 1 or 4 : 2 , 
but the salt cannot contain as much as seven atoms of oxygen. 
P^N^HjAggO^ would require: 


Phosphorus. 25*71 

Nitrogen. 11*24 

Hydrogen. 00*41 

Silver.... 43*37 

Oxygen. 19*27 


100*00 

This silver compound also gave some tetraphosphodiando 
acid, when decomposed by nitric add. 

It is very evident that the investigation of these tetraphos- 
phoric amides is still incomplete; but the difficulty of separating 
one from another, the apparent capridousness of their forma¬ 
tion, and the generally unsatisfretory character of compounds 
that will not crystallise, have induced me to leave the subject 
in its present condition. I think, however, that the existence 
of compounds analogons to the pyrophosphoric amides, but con- 
taming P 4 , is proved; but whether those containmg P 4 N 5 may 
not, after all, be mixtures, may be a matter of doubt. It will 
not be difficult to extend to these compounds the same method of 
reasoning by which I have previously endeavoured to explain 
the building up of the less complicated bodies. 
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In previous communioationfe I have regarded pyrophosphorio 
add and its amide as bodies constituted on the water type, with 
the rational formulae— 


aad the following was given as the probable process by which 
the -diamio acid is foimed, when the amidated oxychloride of 
phosphorus attacks water: 


2P(NHj)01a0 + 



0 + 2 


gj-O = 2 Ha + 

gj-O = 2Ha + 


W}o- 


the two reactions being perhaps simultaneous. But it does not 
follow that when two molecules of the amidated oxychlo¬ 


ride have attacked one of water to 


*»” pMo>o- «>« 


remaining chlorine shotdd be replaced by HO. The process of 
attacking both atoms of hydrogen in water may be r^eated by 
the freshly formed dhloride, thus— 



O a 2 Ha 



which, when aotod upon by water in the usual way, gives 2HG 
and 

KNH,)(H0)0-1 0 

pfirai 01 n n’ “ P*(NH 2 ) 4 n 309 , that is, 

P^Hj)(HO)Ojr° J 

TetrapTw^hytet^anae aeid. 

This amd may be pr^ared, lilco the pyro-diamic, from the 
higher amidated oxychloride P(NHj)3C10. The first stage of 
the reaction, m both cases, will be— 

SP(^,C10 + g}o = 2H01 + 
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and tha secozid attaok upon a molecnle of water will give— 

P(NH ) O" 

*^1-0 + 51-0 - 2NH. 4. 

jO + PCNHg) 0' 

P(NH^ 30 . 

or tetmpho^ho^hexamide^ a hypotlietical body, to which I shall 
again refer, and which has simply to acquire the elements of 
SHjjO to be conveited into 



P(NH,) 


0 


:h 


or P*(NHa)*(NH 4 ) 209 , 


PCNHaXNH^O)©, 
Tetmphosphihtetrarnate of ammoniim^ 


Now, this -tetramic add must be the fourth arpide of a tetra- 
phosphoric acid of the composition ; and this is no 

hypothetical substance, for it is known in its salts. It is in 
fact Fleitmann and Henneberg’s phosphoric add. 

It is difficult to assign satisfactory rational formulae to the 
two compounds containing P 4 N 5 . The fact that the atoms of 
nitrogen are uneven in number, destroys the symmetry, and 
seems to point to their being products of decomposition of sub¬ 
stances containing P 4 Ng. That they both belong to the tetra- 
phosphoric series, is evidenced by their easily giving rise to 
tetraphospho-tetramic acid. The genesis of the liquid 
P^NgHjyOii from the hexamide, requires the assumption of H^O 
by each phosphoric element, when it will be convCTted into 



an rnmordated tetraphospho-diamic (zetd^ which seems, I know not 
why, to part with one of its molecules of ammonia more readily 
than the other three. 

The add, P 4 N 5 Hg 05 , is easily derivable, theoretically speaking, 
by the action of free add or hydrate of potassium on the 
hexamide 

P^(NH,)e07 + Hd = NB; 4 a + 
and this will account for its being monobasic. The action of 
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nitrate of silver on this -pentezotio acid removes another mole¬ 
cule of NHg, and restores the symmetr 7 , prodnrang 


0 
0 

Te^pha^ho-tetritnaie of siloer. 

If the view of the mutual action of -water and the diloiides 
of phosphorus, given in this and preceding papers, bo coiroot, 
-we obtain the following rational formulae for the four known 
phosphoric acids:— 


O, or P4(NH)4Aga0y, 


P(jm) 01 
P(NH)AgO_r 


Ortho-phosphoric add 
Meta-phoi^horio add 

Pyro-phosphoric add 


P(H0)30. 

{W}°- 



XXXIv—On tJW oeeummee of Orgmia Appmmm in CoUaid 
SiUea obtained by DUdysia. 

By W. Ohandlbb Eobbbts, Assodate of the Royal School 

of Mines. 

In the following paper, it is proposed to give a brief account of 
the micxosoopioal examination of colloid sihoa, obtained by 
dialysis. 

Itwill be remembered that in Mr. Graham’s papers on li(]uid 
diffusion, the method of preparing soluble silido add is detailed. 
It may be briefly stated as follows:— 

By bringing together 112 grms. of silicate of soda, 67*2 gi-mor 
of dry hydrochloric add, and 1 litre of water, and dialysing for 
four days, a solution of soluble sihoa (containiog 4-9 per cent, of 
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silicic anhydride) remains on tiae parchment paper, the chloride 
of sodium and excess of hydrochloric add having dififiised 
away. This solution becomes pectous somewhat rapidly, form¬ 
ing a solid jelly, which may he dried into a lustrous hydrate by 
two days’ exposure to vacuum over sulphuric add, or by a more 
protracted evaporation in air. The solid thus obtained is re¬ 
markably similar to opal from Zimapan, but contains 21*4 per 
cent, of water. 

The specimens upon which the following observations were 
made were prepared in Mr. Graham’s laboratory, and the mi¬ 
croscopical examinations were made by his kind permission. 

All the specimens of jelly dried in air contained dendritic 
forms, varying in size from 0*2 millimetre to 0*5 mm. At first, 
it seemed probable that they might be indications of the pas¬ 
sage of colloid into crystallised silica, but when magnified to 
90 linear, they appeared as radiating fibres, and when magnified 
700 times, each fibre resolved itself into a series of elongated, 
beaded cells, with dusters of drcular cells at intervals. 



1. TKemostCommoiiBomoftheOigaiuo 

appearances. 

2. Fzoni a Thin Section. 

3. Apparent Frnctificaiioii. 


From the fact that the aii>dried jdly contained the structures, 
while they were wanting in the solid hydrate obtained by 
evaporation in vacuo, it was evident they might be organic. 



276 CHTTROH ON Wm AND KAfiS COKNESBC MINEBALS. 


On submitting them to Mr. Slacks he at once indicated their 
remarkable analogy to the common blue mould, or mildew. 

The cells appear to be hollow; they do not blacken with 
sulphuric acid. An attempt to render their stmcture more ap¬ 
parent, by injecting with isinglass and Tormilion, met with 
only partial success. In many oases the ends of the fibres are 
sun’ounded by an apparentlyTacuous space; it is therefore 
probable that the fungi actually grew after the partial solidifica¬ 
tion of the jeUy; observations are, however, being continued 
in this direction. In natural mocha stones, the deudiitic forms 
are not dissimilar, but when examined microscopically, they are 
distinctly angular and crystalline. It is possible that in natural 
agates many cellular structures may have been produced, as in¬ 
dicated above, and subsequently filled in with mineral matter. 
As early as 1814, Dr. McCulloch described some undoubtedly 
organic forms in the agates of Dunglas. 

Dr. Carpenter has also recorded the growth of fungi in the 
shells of the anomia. 

I should apologise for bringing so small a matter before the 
Society, but I considered it might be of interest at a time when 
the micsTOScope is becoming an indispensable aid in petrological 
research. 


XXXH .—Chemioal Reaearohes on New md Rare Comieh Minerab. 

By A. H. Chtteoh, M.A., Professor of Chemistry in the Boyal 
Agricultural College, CSrencester, 

V. Comwallite, 

Is comwalUte a good species? The experiments given below 
were undertaken in order to see whether chemioal analysis 
could afford an answer to this question. 

Comwafijite was named by Zippe, basing the species on two 
analyses by Lerch, which gave the following percentages:—* 



OttO. 

Aa,0.. 

P2O6. 

HjO. 

L ... 

. 56-00 

29-78 

2-54 

12-68 

IL ... 

. 54-22 

30-65 

1-77 

13-36 
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From these numbers the generallyaccepted formnlaA aO^. 
2 CuH 302 , 3 Aq. was deduced. 

The physical characters of comwallite, as originally given, 
are quite distinctive. It is by no means a common mineral. I 
have obtained a fow small specimens in Cornwall at difierent 
times, but my two best and largest pieces were purchased in 
London, and luid formerly been in an old Cornish collection of 
minerals. Occasionally, specimens have been offered to me as 
comwallite, which were merely varieties of the cupric phosphate 
known as prasine, in which a portion of the P 2 O 5 had been 
replaced by AsgOg. One of those gave, on analysis, the follow¬ 
ing percentages:— 


OuO. 

... 68-44 

PA . 

... 20-S8 

AsA . 

... 242 

HjO . 

... 8-20 


98-44 


Now this specimen was accompanied by torberite, wlule the 
true comwallite, as noticed by Zippe, is asbodated with oH- 
venite. The two specimens of which I now purpose giving an 
account, were pai'tially coated on their surface and in their 
cavities with very delicate, nearly white, silky prisms of olive- 
nite. In other rebpectb also, as will be seen presently, they 
corresponded very closely with the original description of this 
spcdics. 

The hardness of my speoimons was 4-5; the density of 
one of them was foimd to be 4‘17. The colour is a very rich 
verdigris green, passing into a blackish green. The fracture 
of the more compact parts of the specimen is distinctly con- 
choidal. The minute botryoidal character of some portion of 
tlie mass is, however, very marked, and then the minute chains 
of bead-like globules serve to show the translacency and cha¬ 
racteristic oolom- of the mineral very clearly. 

The new analyses, given below, of comwallite, were made 
with every care. The copjier was always determined finallif 
by Brown’s volumetric method; it is probably slightly in ex¬ 
cess of the truth, in consequence of a trace of iron in the solu¬ 
tions experimented with. 

VOL. XXI. 
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Analyses of Cornwallite: Synopsis of Eesnlts. 



I. 

IL 

HI. 

IV. 

V. 

YL 

VII. 

VIII. I 

Substance ts&en .. 

*6676 1*708 

•6606 

5306 

•611 

•6005 

•171 

1*6396 -4 

QiOi . 

004 

*0115 

•004 

•002 

•004 

•006 

•002 

• 02 s *0 

l^roflcopic H 3 O . 

°0065 

•0196 

•006 

*006 

*0058 

•01 

•048 

— 

•0065 0 

CttO . 

°3854 1*0X182 

•83084 

•31246 

•29776 

•34922 

•10109 

_ 

M8NS42ABOtoHjO 

284 — 

— 

— 

— 

— 

— 

■746 -2 

KgAOy . 

024 — 

— 

— 

— 

— 

— 

— 


Analyses I to VI "were made -with one sample; analyses VII to 
IX \?ith another sample of com-w-allite. When these results are 
oalcnlated into percentages, after deduction of the intruding 
silica and the hygroscopic water, they give very accordant 
ntunbers. In a oaiefolly prepared sample for analysis the sQioa 
does not exceed half a per cent^ dnd is shown by microscopic 
examination to be an accidental admixtore, due to minute veins 
of quartz in the mineral. I have considered the water lost at 
100° C. merely hygroscopic, because it varies from day to day 
with the dampness of the atmof^here, and because in vacuo 
over oil of vitriol, the same loss of moisture ultimately occurs 
as at 100° C. 

The following are the percentages deduced from the above 
analyses;— 


I. IL in. IT. v. TI. VII. VHI. IX. Usan. 

OnO.. so S31 SO'SS 60*08 69*80 69 40 69*86 6976 — — 69 96 

ixfit. 80*86 — — •— — — — 29 98 80*68 80*47 

PjOs.. 2 71 — — — — — — — — 9 71 

HjO,. — — — — — 8 28 — — — 8*28 


It will be seen that the above analyses differ from the older 
ones of comwaUite only in the percentages of CuO and HjO. 
In fret, I find 5 per cent, more cupric oxide, and 5 per cent, less 
water; a comparison of the old and new theoretical and ex¬ 
perimental percentages will at once show, either that the old 
view of the constitution of comwaUite is untenable, or that the 
miueral now under review is a new i^ecies. But I have already 
pointed out why my mineral seems to be the true comwaUite, 
and, if so, to some accidental cause must be attributed the 
larger amount of water given in the former analyses. It is 
evident that inLerch’s analyses one ingredient was determined 
differeoce; if tins constituent should have been either the 
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cupric oxide or the water, the discrepancy alluded to admits 
of explanation. 

Hare are the old and new analytical results translated into 
mean percentages, and placed for comparison beside the theo¬ 
retical numbens;— 


Lerch. Church. 


CuO .. 

Experiment. Theoiy. 

(Mean.) («JnO.AsjO,.6HjO.) 
54-61 55-42 

Experiment. 

(Ueaa.) 

59-95* 

Theory. 

( 5 CuO.AB 2 O 5 . 3 H 2 O). 

58*33* 

ABjOg. 

30-21 

32-06 

30-47 

33-75 

PA- 

2-16 

— 

2-71 

— 

HjO .. 

13-02 

12-54 

8-23t 

7-92t 


100-00 

100-02 

101-36 

100-00 


The formula for comwalUte may then be written Cfu 32 As 04 * 
2 CuH 20 a.aq., ipaahing this species stand to erinite, CU 32 ASO 4 . 
2 CuHa 0 a, among the arseniates, as ehlite, Cu 32 PO 4 . 2 OaH 3 O 3 .aq., 
stands to dSiydrite CU 32 PO 4 .OUH 2 O 2 , among the phosphates. 
Biit, in fact, many of the hydrated native arseniates and phos*- 
phates require a most searching re-investigation. A complete 
classification of this group of minerals is not yet possible. 


XXXni. —On the Regenerative Gas Furnace as applied to the 
Manufacture of Cast Steel* 

[A Leistare delivered before the Fellove of the Chemical Society, May 7th^ 1868.] 

By 0. W. Siemens, F.RS., Mem. Inst. C.E. 

In responding to your call to deliver a lecture to your Society, 
on a subject of applied chemistry, I feel that I have undertaken 
a very responsible task, a responsibility which is only balanced 
by the honorary distinction conferred by your call. 

It is a hopefdl sign of the advancement of science that your 

« The greater part of the ezoess of ike experimental over the theoretical per¬ 
centage of CuO is due to the partial replacement of A 83 O 5 by in this mineral ; 

of course cupiie phosphate contains a much higher percentage of GnO than the 
arsemate. 

t The vater in the experiment is rather high; in other and subsequent deter¬ 
minations the percentages obtained were 7*45 and 8*16. 

T 2 
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Society puts itself into intellectual communication with 
engineers and others, whose mission it is to apply and prac¬ 
tise that pure science cultivated within your body. It would 
be presumptuous on my part to reason with you upon a purely 
chemical subject, for although many years ago I had the ad¬ 
vantage of receiving instruction from Wohler and Himly, I 
can in no way lay claim to be a chemist of the present day. 
Yet I can safely affirm that of all the instructions I received in 
early life, there is none that has been a more useful guide to 
me in my professional pursuits. 

The subject to which I wish to call your attention this even¬ 
ing is one that has occupied my mind for many years, and 
which I hope may engage your interest, involving as it does 
the generation of intense heat by means essentially differing 
&om those in general use, and the application of that heat to 
the production of cast steel in large masses, and directly from 
the ore or scrap metal. 

The regenerative gas furnace, which is the joint production 
of my brother, Frederick Siemens, and myself is already 
known through its application to nearly all those branches of 
industry in which furnace heat is employed. It was described 
by Faraday, to the members of the Royal Institution, in the 
last pubKc lecture delivered by that great philosopher in 1862, 
and has since been the subject of several publications. I need 
not, therefore, bring before you all the features of this mode 
of producing intense heat for the various purposes to which it 
has been applied, but shall confine myself to its dosoription as 
applied only to the production of cast stool in large niassos, 
which is the principal sulgect of my present coiimiuiiication. 

Nature of Steel —Before proceeding with tliis deKcri}>tion T 
shall briefly remark upon the natiu*e of steel and the methods 
by which it has hitherto been i>roduced. 

Steel —Steel is genei*ally regarded as a compound of iron and 
earion^ poeeeseing the remarhahle gmlity of hecoming exceedingly 
haird when heated and evddenly cooled. The proportiou of carbon 
deterroines the degree of hardness of which the steel is 
capable, or what is termed its temper. 

The foUowing table of the percentage of carbon in sted 
suited to different purposes, is prepared from analyses made in 
my laboratory by Mr. A. Willis, unless another authority is 
mentioned. 
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Doscription. 

OarboxL per cent. 

Authority. 

Wootz. 

1-34 

T. H, Henry 

Steel for flat files. 

1-2 

A. Willis 

99 for turning tools. 

10 

91 

„ (Huntsman’s) for cutters 

1-0 

91 

9 , for cutters... 

'9 


„ for chisels. 

•75 


Die steel (-vreldiHg) . 

•74 

« 

Double shear steeL. 

•7 


Welding steel .. 

•68 

91 

Quarry drills. 

•64 

11 

Mason’s tools.. 

•6 


Ramrods... 

•6 


Common steel for stamping.. 

•42 


Sted for magnets (contaimng 

tungsten). 

•4 

91 

„ spades. 

•32 

»1 

„ hammers.. 

•3 

71 

Bessemer steel for rails. 

•25 to -3 

various 

Homogeneous metal armour 

plates. 

•28 

Percy 

Veiy mild steel from open 

furnace .. 

•18 

A. Willis 

Sample before Spiegel was 

applied ... 

•05 

11 

Bessemer iron (pure). 

trace 

Abel 


Cast-steel contaming less than 03 per cent, of carbon is no 
longer capable of being hardened, and should be dossed rather 
as homogeneons or melted iron than os stool, while on the 
other hand an excess of carbon above 1-4 per cent, again 
deprives the metal of the qnaEty of taking a temper, and it 
must then be regarded as approaching in oharacter rather to 
white cast-iron. 

It is, however, a contested question between dhemisis 
wbether the presence of a third substance may not be neces¬ 
sary to produce steel. Fri'my, in his celebrated controversy 
with M. Caron before the French Academy, maiatains that 
nitrogen or cyanogen is a necessary constituent of steel; the 
investigations of other chemists appear to confirm this theory 
and the old Shefl&eld practice of iJ&ring leather and other 
animal substances with the charcoal used in the converting 
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ftimace would also seem to corroborate it. M. Fr6my^s 
theory probably admits of great extension, and it may be that 
we should regard steel as a triple combination of iron with 
carbon and with another substance, taken from a series com¬ 
prising nitrogen, sulphui', phosphorus, silicon, manganese, 
tungsten, titanium, tin, silver, and probably many other ele¬ 
mentary bodies, each of which entering, in an exceedingly 
small proportion, into combination with the iron and carbon is 
capable of imparting to the steel distinctive physical properties. 

Nitrogeju —^Nitrogen has been found invariably in the steel 
produced by the ordinary processes. 

Sulphur and 'Phosphorus .—Sulphur and phosphorus are com¬ 
monly regarded as tiie worst enemies to steel, the one render¬ 
ing it red^short^^ or incapable of being forged, and the other 
“ toldrshort^^ or brittle at ordinary temperatures. It is owing 
to the presence of these impurities in nearly all British irons, 
that tlie highest qualities of tool steel are still made entirely 
from Swedish or other charcoal-iron of high quality, produced 
from the purest ores. If phosphorus exists in steel in quanti¬ 
ties exceeding 0*1 per cent., its presence is indicated, on break¬ 
ing the sample, by peculiarly bright and distinct faces of 
crystallisation on the fractured surface, but the steel admits of 
being forged and welded, and though somewhat brittle when 
cold, it is remarkable for hardness. It would, therefore, not be 
safe to maintain that phosphorus in small quantities is objec¬ 
tionable in steel under all circumstances. Steel containing 
above 0'2 per cent, of sulphur breaks under the hammer at a 
low red heat, and is, therefore, only applicable to the pro¬ 
duction of steel eastings: for this purpose the presence of a 
small amount of sulphur is unquestionably a positive advantage 
imparting increased fluidity to the molten metal and tough¬ 
ness to the casting when cold. This effect is so well under¬ 
stood in Sweden as regards cast-fron, that in casting ordnance 
sulphur is added to the metal. 

Mangamee *—Manganese possesses the remarkable property 
of counteracting to a great extent the effect of sulphur (or 
red-shortness) in steel. Its application for this purpose is due 
to Josiah Marshall Heath (1839), and must be classed 
among the most importaijA discoveries in modem times; for it 
is only in consequence of the addition of manganese (in the 
form of oxide, mixed with carbon) to the steel melted in pots, 



AS APPIIED TO THE MAmjPACTXJBE OF OAST STEEL, 288 

tlmt the Sheffield melters have been enabled to use English 
puddled iron for the commoner qualities of steel in place of 
the purer and more costly Swedish iron; and again it is only in 
consequence of the addition (by Mushet) of manganese in the 
form of fexro-manganese or spiegeleisen to the liquid bath pro¬ 
duced in the Bessemer converter that the better qualities of 
English pig-iron have been made available for the production 
of malleable Bessemer metal. It is distressing to thinV that 
the author of this invaluable discovery was deprived of the 
i5ruits of his labour by an imjust combination among the manu¬ 
facturers chiefly benefited by biTn, who contested the validity 
of Heath’s patents upon trivial grounds, relying for their 
success upon their financial power to crush his unquestionable 
claims. The specific chemical action of manganese has never 
been clearly demonstrated- It is certain that only traces of 
metalKo manganese are ever found in cast-steel, and that the 
bulk of the manganese added is found combined with oxygen, 
silica, and alumina, in the form of slag; yet it follows, from 
experiments which I have had occasion to make, that on 
adding manganese to a baih of liquid steel in an open rever¬ 
beratory fixrnace, its beneficial action ceases if the metal is re¬ 
tained in the furnace, exposed to the fiame for any length of time, 
say more than half-an-hour. This is the case quite indepen¬ 
dently of any sensible reduction in the proportion of carbon 
in the steel, and indicates that the effect of manganese is not 
due to the removal of sulphur or other substances with which 
it may enter into combination, but it is inseparable from the 
presen.ce of metallic manganese in the sted, in however small 
a quantity- A further coiofirmation of the view, that the 
edition of manganese removes no impurity from the steel, is 
supplied by the fact, that if cast-steel from English iron which 
has been rendered perfectly malleable at a red-heat, fay the 
addition of manganese, is re-melted vAthmt adding manganese, 
it becomes as red-short as ever. According to Parry, the pre¬ 
sence of manganese in sensible quantity in steel tends to 
render it brittle when cold. 

Silicon .—Silicon in small quantity seems to increase the hard¬ 
ness of steel without taking away from its maJleahility or 
toughness when cold, and the presence of a trace of siKoon 
appears to have the singular effect of preventing that violent 
evolution of gas from fluid steel at the moment of solidifica- 
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tioii} which renders the ingot so fi’ciiucntly nusonud. Steel 
containing above 0*5 per cent, of silicon breaks tip under the 
hammer if heated above low redness- 

Titanium^ 4^0. —The effect of titanium, tin, arsenic, silver, and 
other metals upon steel, is stated to produce increased hard-^ 
nessj but I have not myself made any experiments upon this 
subject, nor been able to find very reliable observations of others, 
Tun</sten has a very remarkable effect upon steel, first ob¬ 
served by Dr. Werner Siemens, in 1853, in increasing its 
power of retaining magnetism when hardened. Btnng sptcially 
interested in this question, I have determined, by careful ex¬ 
periments, the extent of the increase; and the practical result 
is, that whereas a horse-shoe magnet of ordinary steel, weigh¬ 
ing 2 lbs., is considered of good qualily when it bears aetien tmes 
its own weight, and the famous Haarlem magnet of the same 
weight, supports about 13 times its weight, I am now able to 
produce a similar horse-shoe magnet caiTying 20 times its 
weight, suspended from its armature. 

The chief difficulty besetting expeiiments on the effects of 
these various admixtures upon the quality of steel, consists in 
the unavoidable presence of other substances in variable pro¬ 
portions ; but the effects of these other substances could bo 
diminated if the experiments were accompanied by oxlianstivo 
analyses, and it is impossible to over-estimate the advantages 
that would result from sttoh a course- 

Dr- Percy, in his truly invaluable metallurgical 
work, has made us acquainted with the various known pro¬ 
cesses for obtaining steel which have been followed from thc^ 
earliest times; but no method of producing steel cjiu be con¬ 
sidered admissible at the present day which does not pans ibo 
metal through the condition of entii-o liquefaction, for it is only 
by fusion that foreign admixtures can be thoroughly scparatc^d, 
and that flaws and fissures can be avoided; inasmuch however as 
the steel obtained hy them may be subsequently fused, I shall 
briefly refer to them. The principal processes of this class arc 
1. The direct proem of making steel, or steely iron, from the 
ore in the Catalan forge, by employing a large excess of char¬ 
coal. The steel is obtained without fusion in the form of a ball 
of spongy metal, and is drawn out into bars. 

% The cemsn&ition proem^ in which bar-iron is converted into 
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steel by prolonged contact at a comparatively low temperature 
either with liquid cast-iron, as formerly practised in Styria and 
elsewhere,* or with crushed charcoal—a method extensively 
employed in Sheffield at the present day for the manufecture of 
steel for railway and carriage springs, and for the production of 
bar-steel from Swedish non, which, when subsequently melted 
in pots, makes the finest quality of steel for tools and cutlery. 

3. The decm'hurbation process^ in which steel is made from 
cast-iron by Ihe removal of part of the carbon in the puddling 
ftimace, or by the partial application of any of the older 
methods of decarburettmg cast iron in an open hearth in direct 
contact wiih the fiiel. A modified form of the decarburization 
process has been recently introduced to some extent by Messrs. 
Heaton and Hargreaves. They remove the carbon of the 
pig-iron by the action of oxydizing salts, principally nitrate of 
soda, and either fuse the crude metal obtained, producing cast 
steel, or work it up into blooms under the hammer. 

The Bessemer process, now so well known, is also a method 
of producing steel by the deoarbonization of cast iron; but it 
presents a vast advantage over those just named, in the fret that 
the steel is obtained in the liquid state, and may be oast, free 
from flaws, into homogeneous ingots of any size. As Bessemer 
steel is produced much more cheaply than the cast steel obtained 
by any other process yet extensively in use, its introduction has 
opened out a vast field for the application of steel where iron 
alone could foimerly be thought of. Thus many parts of steam 
and other macliiuery, raihvay plant, boiler-plates, and even rails, 
arc now made of Bessemer steel, and aiu found to be dieaper 
in tho end when made of that material rathar than when 
made of iron, although their absolute cost is fully twice as great. 

Cast Steel —The remaining methods of producing cast steel, 
are those in which it is obtained by the fusion either of steel 
already made by other processes, or of its component materials, 
iron or iron-ore, on the one hand, and carbon, either as charcoal 
or already combined in the form of cast iron, on the other. ^ 

The oldest known steel of high quality, the Indian Wootz, is 
obtained by the fusion of compact iron and carbonaceous sub¬ 
stances in small crucibles, but it is only in the course of the last 
century that the manufficture of cast-steel was first introduced 
in Europe. 

• Percy, Metallurgy, 11,790, 807. 
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B4aumiir states, in his work on the conversion of forged 
iron into steel, published in 1722, tliat he had succeeded in pro¬ 
ducing steel by the fusion together of cast and wrought iron in 
a common forge; but steel melting was first practically carried 
out in the latter half of the century by Huntsman, of 
SheflGleld; the process he employed consisting in “the fusion in 
closed erudhles of steel already made hy cementation in charcoal^^ is 
still universally in use for the production of the finest quahties 
of steel for tools and cutlery. The Hindoo process has, how¬ 
ever, been revived within ihe last twenty years, hy Heath, 
Price and Nicholson, Gentle Brown, Atiwood, and 
others, and large quantities of steel are now made in ShefiS.eld 
and elsewhere, by the fusion of puddled iron or puddled steel 
with charcoal, or with pure pig-iron (Canadian or Spiegeleisen), 
in such proportions as to form steel of the required quality. 
The ITchatius process is somewhat similar to these in principle; 
it consists in efifecting the partial decarburization of granulated 
pig-iron by fusing it in contact with iron-ore, but the temper 
obtained is said to be irregular, and, together with the process 
just mentioned, it laboms under the disadvantage of involv¬ 
ing the expensive operation of fusion in pots^ 

Open Hearth ,—Some method of effecting the fusion of steel 
more cheaply than in crucibles, as well as in larger masses, has 
long been a desideratum. Heath, the discoverer of the bene¬ 
ficial action of manganese, was the first (in 1846) to conceive 
that cast-steel might be produced in large quantities by fusing 
wrought and cast-iron together upon the open hearth of a re¬ 
verberatory furnace. The modus operandi he proposed, consisted 
in melting pig-metal in a cupola, and running it into the heated 
furnace. The wrought-iron was introdneed into another part 
of the furnace, forming a bank between the bath of flnid metal 
and the chimney, to be there heated by the waste heat of the 
flame, previonsly to its being pushed forward into the liquid m 
order to be dissolved. Fearing the effect of the ashes from a 
common fire-place, Heath proposed to heat Lis furnace by jets 
of gas, and there is every probability that his experiments 
would have been crowned with success, if he had possessed the 
means of imparting to his flame the intensity of heat and, 
at the same time, the absence of cutting draught, which are 
essentially necessary. Since the date of Heath^s patent, the 
fririon of steel in an open furnace has formed the subject of an 
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extensive series of experiments, by Sndre, in France. The 
experiments of M. Sudre were made at the Montataire Icon 
Works, at the expense of the Emperor of the French, and were 
snperintended, on his behalf, by three members of the French 
Institute; MM. Sainte-Claire Deville, Treuille de Beau¬ 
lieu, Colonel of Artillery, and Caron, Captain of Artilleiy, who 
have made an able report on the subject, showing that it is just 
possible to raise the heat of an ordinary furnace by means of a 
fan-blast, sufficiently fco effect the fusion of tool-steel upon the 
open hearth in protecting the metal by a layer of glass, but 
that the rapid destruction of the furnace, the cost of fuel, and 
other difficulties attending the operation, were such as to render 
the process, commercially, of doubtful value. 

Regenerative Gas Fm^nace ,—^The regenerative gas fomaceis 
so manifestly suitable for the operation of melting steel, both 
in pots and on the open hearth, that my attention was directed 
from the first towards this object. The early experiments 
conducted by my brother and myself at Sheffield foiled, how¬ 
ever, partly on account of certain irregularities, arising 
from defects in the furnace which have since been removed, 
but chiefly in consequence of the want of determination on 
the part of the manufacturers and their workmen to persevere 
with us to the attainment of the piuposed results. 

AUwood .—In 18G2, Mr. Charles Artwood took a licence 
to apply the regenerative gas furnace to the melting of steel 
upon the open hearth in connection with certain chemical pro¬ 
cesses or niixtui’es of his own. I supplied the design of a 
fruTiace which answered the purpose, except that the quality 
of steel produced was not such as Mr. Attwood desired. This 
circums^nce decided him to carry out his process in closed 
pots heated in the same furnace. 

Le Chatelier,~ln 1863, my friend, M. Le Chatelier, Ing6- 
nieur en Chef des Mines, elaborated a process for producing 
steel from cast-iron by puddling, and melting the hot puddled 
blooms in a bath of cast-iron prepared in a regenerative gas 
furnace, upon a bed of laimte of following composition:— 


Silica. 18 to 17 per cent- 

Alumina .. 60 to 65 „ 


Peroxide of iron.... 4 to 8 „ 
Water in epmbination 15 to 17 „ 
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This material presents the advantage of being exceedingly in¬ 
fusible and of containing no materials that could impart hnrtfal 
ingredients to the steel. A furnace of groat heating power 
was constructed by Messrs. Boigue, Rambour, and Co-, at 
their works near Montlu^on, in France, under my superintend¬ 
ence and would certainly have accomplished the desired object 
if the company had displayed the least determination to suc¬ 
ceed. The famace-bottom of bauxite did not succeed, as it 
was not solidified by the heat, and rose to the surface of the 
liquid bath,—but this defect was soon rectified by the substi¬ 
tution of a white sand bottom. Through some carelessness, 
however, the covering arch of the furnace was damaged by 
excess of heat; and this slight accident, which proved notliing 
except an ample suflSlcienoy of heating power, sufficed to deter 
he company firom pressing on to the attainment of that suc¬ 
cess which was so nearly within their reach. In the meantime 
I had granted a licence to Messrs. Emile and Pierre Martin, 
of the Sireuil Works, to melt steel, both in pots and on the 
open hearth, and a fiimace was erected by them in 1864 which 
was chiefly intended for a heating furnace, hut was at the same 
time constructed of such materials (Dinas brick) and in such a 
form as to be also applicable for melting stoeh 

With this furnace, which was really less suitable than those 
previously erected, MM. Martin have succeeded in producing 
oast^teel of good quality and of various tempers, and their 
produce was awarded a gold medal at the great French Exhi- 
biiion of last year. MM. Martin have since patented various 
arrangements of their own, such as the employment of par¬ 
ticular flwsu to cover the surface of the molten metal, the 
application of a separate furnace for heating the iron befoio 
c^rging it into the melting furnace, and the employment of 
particular brands of cast and wrought-iron, which may be 
useftd under special circumstances, but which form no essential 
part of the general solution of the problem. 

Haviug been so often disappointod by the indifference of 
manufacturers and the antagonism of their workmen, I deter¬ 
mined, m 1865, to erect experimental or ‘‘Sample Steel Works’* 
of my own at Birmingham, for the purpose of maturing the 
details of these processes, before inviliag manu&cturors to 
adopt them. The first furnace erected at these works, is 
one for melting the higher qualities of steel in closed pots, and 
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contains 16 pots of the nsnal capacity. The second, erected 
in 1867, is an open bath ftimace, capable of melting a charge 
of 24 cwt. of steel every 6 honrs. Although these works have 
been carried on under every disadvantage, inasmuch as I had 
to educate a set of men capable of managing steel fornaces, 
the result has been most beneficial, in affording me an oppor¬ 
tunity of working out the details of processes for producing 
cast-steel from scrap-iron of ordinary quality and also directly 
from the ore, and in proving these results to others. 

I shall now proceed to describe the construction and working 
of the regenerative gas furnaces (similar to those at Birming¬ 
ham) which are now at work, or in coiuse of erection, in this 
country and abroad for the production of cast-steel, both by 
the old method of fusion in pots, and by the new system of 
making cast-steel on a large scale and on an open furnace bed, 
from scrap imi and from the ore. 

The regenerative gas furnace consists of two essential parts; 

The Gas Producer, in which the coal or other fuel used is 
converted into a combustible gas; and 

The Furnace, with its regenerators ” or chambers for storing 
the waste heat of the flame, and giving it up to the in-coming 
air and gas. 

Any combustible gas might he burned in the regenerative 
furnace; I have used ordinary lighting gas very successfully 
on a small laboratory scale, but it is far too costly to be em¬ 
ployed in larger furnaces, and the only gas generally available 
is that generated by the complete volatilisation of coal, wood, 
or other fuel, with admission of air in a special “gas producer.” 
Any description of carbonaceous matter may be worked in a 
suitable gas producer, and will afford gas sufficiently good for 
the supply of even those furnaces in which the highest heat is 
required. Coal is the fuel chiefly used for gas furnaces in 
England; small coke has been employed in some cases, as in 
gas-works, where it is to be Imd at a cheap rate; wood is used 
in France, Bohemia, and Spain; sawdust in Sweden, furnishing 
gas for welding and other high-heat furnaces; lignite in various 
parts of Germany; and peat in Italy and elsewhere; this last 
being applicable with the greatest relative advantage. 

The accompanying illustration represents a gas-producer • 
suitable for burning non-caking slack. 

In form it is a rectangular fire-brick diamber, one side 
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of which, B, is inclined at an angle of from 46® to 60*, and: 
is provided with a grate, C, at its foot. The fuel is e in 


Section of Gas Pbodtjceb. 
(Scale i inch to a foot.) 
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at the top of the mcline at A, and fafls m a thick bed upon the 
grate. Air is admitted at the grate, and as it rises slowly 
through the %nited mass, the carbonic add, first formed by 
the combination of the oxygen with the carbon of the fuel, 
takes up an additional equivalent of carbon, forming carbonic 
oxide, which diluted by the inert nitrogen of the air and by a 
little unreduced carbonic acid, and mixed with the gases and 
vapours distilled firom the raw fuel during its gradual descent 
towards the grate, is led off by the gas flue to the furnace. 
The ashes and clinkers that accumulate on the grate are 
removed at intervals of one or two days. 

The composition of the gas varies with the nature of the 
fuel used, and the management of the gas producer. That of 
the gas from the producers at the Plate Glass Works, St. Go- 
bain, France, burning a mixture of f caking coal and i non¬ 
caking coal is as follows, by an analysis dated July, 1865:— 

Yolames. 


Carbonic oxide. 23“7 

Hydrogen . 8*0 

(Wburetted hydrogen. 2*2 

Carbonic acid.-. 4*1 

Nitrogen.. 61*5 

Oxygen... 0*4 


99*9 

The trace of oxygen present is no doubt due to carelessness 
in collecting the gas, or to the leakage of air into the flue, and 
allowing for this, the corrected analysis will stand as under:— 

YolnmeB. 


Carbonic oxide . 

24-2t 

Hydrogen .. 

8-2 f-34'6 

Carburettedhydrogen 

2-2-‘ 

Carbonic add. 


Nitrogen .. 

61'2-r®®*^ 


lOOO 


Only the first three of these constituents, say 35 per cent, 
of the whole, are of any use as fuel, the nitrogen and carbonic 
acid present only diluting the gas. It is the presence of this 
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large proportion of inert gases, which must he heated to the fiiU 
temperature of the flame, that renders it so difficult to maintain 
a high heat by gas of this description burned in the ordinary 
way. In using such gas in a regenerative fiimacc the presence 
of so large an amount of nitrogen is not objectionable, as the 
heat it carries off is given up again to the air and gas coining in. 

The gas as it passes off from the fuel contains also more or 
less aqueous vapom', which is got rid of by cooling it, with 
some tar and other impurities, and a small quantity of sus¬ 
pended soot and dust. 

Any air drawing in unhumed through a hole in the mass of 
fuel, reduces the value of the gas, by bm-ning the carbonic 
oxide again to carbonic acid. To prevent the indranght of air 
in this way at the side of the grate, I have found it very 
advantageous to set the side walls of the gas producer back, 
forming a broad step, about nine or ten inches above the grate; 
any air creeping up along the wall is thus thro^vn into the 
mass of fiiel and completely burned. The effect of this feature 
in the form of the producer on the quality of the gas has been 
very striking. 

Three-tenths of the total heat of combustion of solid carbon 
are evolved in burning it to carbonic oxide; but in the gas 
producer, a small portion only of this heat is really lost, because 
it is in a great measure taken up and utilized in distilling the 
tar and hydrocarbon gases from the raw fuel; and it may be 
still further economised, especially in burning a fuel, such as 
coke or anthracite, which contains little or no volatile matter, 
by introduemg a regulated supply of steam with the air enters 
ing at the grate. This is effecteS very simply by keeping the 
ash-pit always wet. The steam is decomposed by the ignited 
coke, and its constituents, hydrogen ajid oxygen are re¬ 
arranged as a mixture of hydrogen and carbonic oxide, with a 
small variable proportion of cai’bonic acid. Each cubic foot of 
steam produces nearly two cubic feet of the mixed gases, 
which, being firoe from nitrogen have great heating power and 
form a valuable addition to the gas- The proportion of steam 
tiiat can be advantageously introduced into the gas producer 
3S» however, limited, as it tends to cool the fire, and if this is 
at tcK) low a heat, much carbonic add is produced instead of 
eaif?boinc oxide, causing waste of fueL 

’Bxxm the high temperature of the gas, as it rises firom the 
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fuel (1000® F. to 1300® F.), and from its comparatively low 
specific gravity, it is considerably lighter than atmospheric air, 
and ascends into the upper part of the producer with a slight 
outward pressure. It is necessary to maintain this pressure 
through the whole length of the gas flue, in order to ensure a 
firee supply of gas to the fttmaces, and to prevent its deteriora¬ 
tion in the flue, through the indraught of air at crevices in the 
brickwork. The slight loss of gas by leakage, which results 
from a pressure in the flue, is of no moment, as it ceases 
entirely in the course of a day or two, when the crevices 
become closed by tar and soot. 

Where the tonace stands so muc^h higher than the gas 
producer, that the flue may be made to rise considerably, the 
required plenum of pressure is at once obtained; but more 
frequently the furnaces and gas producers are placed nearly on 
the same level, and some special arrangement is necessary to 
maintain the pressure in the flue. The most simple contriv¬ 
ance for this purpose is the “elevated cooling tube.” The hot 
gas is carried up by a brick stack to ^ height of eight or ten 
feet above the top of the gas producer, and is led through a 
horizontal sheet-iron cooling tul^, J, of not less than 60 square 
feet of surface per gas producer, from which it passes down 
either directly to the furnace, or into an underground brick flue. 

The gas rising from the producer at a temperature of about 
1100° F, is cooled as it passes along the overhead tuba, and 
the descending column is consequently denser and heavier than 
the ascending column of the same length, and continually 
over-balances it. The system forms, in fact, a syphon in which 
the two limbs are of equal length, but the one is filled with a 
heavier fluid than the other. The height of coolmg tube 
required to produce as great a pressure in the flue as would 
be obtained by placing the gas pi-oducers, say tm feet deeper 
in the ground may be readily calculated. The temperature of 
the gas as it rises from the producers has been tak@i as 
3100° F., and we may assume that it is cooled in the overhead 
tube to 100° F., an extent of coolmg very easily attained. 
The calculated spedfio gravity, referred to hydrogen, of the 
gas of which I have quoted the analysis, being 13T4, we 
obtain the following data:— 
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lb. 

Weight oi the gas per cube foot at 1100® F. = *022 

100® F- = -061 

Weight of atmospheric air per cube foot at 60® F. = *076 

and from these we have, on the one hand, the increase of 
pressure per foot of height, in a fine rising directly from the 
gas producer, 

= -076 — *022 = *054 lb. per square foot; 

and on the other hand, the excess of pressure at the foot of 
the downtake from the cooling tube, over that at the same 
level in the frue, leading up from the gas producer (for each 
foot in height of the cooling tube) 

= "061 — -022 = *039 lb. per square foot. 

The height of the cooling tube above the level of the flue that 
will be suJQScient to produce the required pressure, equal to 
10 feet of heated gas column, is therefore, 

~||.10 ft. = 13' 10", or say 14 feet. 

This method of obtaining a pressure in the gas-flue by cool¬ 
ing the gas, has been objected to as throwing away heat that 
might be employed to more advantage in the furnace, but 
this is not the case, because the action of a regenerator is 
such, that the initial temperature of the gases to be heated 
has no effect on the final temperature, and only renders the 
cooling of the hotter fluid more or less complete. The only 
result, therefore, of working the furnace with gas of high 
temperature is to increase the heat of the waste gases passing 
off by the chimney flue. The complete cooling of the gas 
results, on the other hand, in the great advantage of con- 
d^sing the steam that it always carries with it firom the gas 
producer; and in the case of iron and steel furnaces, in burning 
wet fiiel, it is absolutely necessary to cool the gas very 
thoroughly, in order to get rid of the large amount of steam 
that it contains, which, if allowed to pass on to the fiimaoe, 
would oxidize the metal. 

There is, undoubtedly, a certain waste of heat, which might 
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be utilized by surrounding the cooling tube 'with a boiler, or by 
otherwise economising the heat it gives o£^ as, for instance, in 
drying the fuel; but the sa'ving to be effected is not very great, 
for as 100 volumes of the gas require for combustion about 
130 volumes of air, including 20 per cent, above that theoreti¬ 
cally required, the heat given off in cooling the gas 1000^ is 
no more than would be lost in discharging the products of the 
complete combustion of the at a temperature 436"" in 
excess of the actual temperature of 200% and this loss is 
greatly diminished if a richer gas is obtained. 

In erecting a number of gas producers and furnaces, 1 gener¬ 
ally prefer to group the producers together, leading the gas 
from all into one main flue, &om which the several furnaces 
draw their supplies. The advantages of this are saving of 
labour and convenience of management, -from the gas pro¬ 
ducers being aU dose together, and greater regul^ty in 
workmg, as the furnaces are seldom all diut off at once; nor is 
it Ekely that all will require at the same time eui exceptional 
amount of gas. 

From the &ct that the gas producers maybe at any distance 
from the furnaces that they supply, if they are only at a lower 
level, it would be perfectly practicable to erect them in the 
very coal mine itsell^ burning the slack and waste coal in situ 
(in place of leaving it in the workings as is now often done), 
and distributing the gas by culverts to the works in the neigh¬ 
bourhood, instead of carrying the coal to the different works 
and establishing special gas producers at each. In rising to 
the mouth of the pit, the gas would acquire sufficient pressure 
to send it through several miles of culvert. 

In the regenerative furnace the gas and air employed are 
separately heated by the waste heat of the flame, by means of 
what are termed “regenerators,^ placed beneath tiie furnace. 
These are four chambers, filled with fibre-hricks, stacked loosely 
together, so as to expose as much surface as possible; the 
waste gases from the flame are drawn down through two of 
the regenerators, and heating the upper rows of bricks to a 
temperature little short of that in the furnace itsell^ pass sno- 
oessivdy over cooler and cooler surflices and escape, at length, 
to the chmmey flue nearly cold. The current of hot gases is 
continued down through these two regenerators until a con¬ 
siderable depth of brickwork, near the top, is uniformly heated 
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to a teanperature laearly equal to that of the entering gas, the 
heat of the lower portion decreasing gradtially downwards, at 
a rate depending on the Telocity of the cmTent, and the size 
and arrangement of the bricks. The direction of the draught 
is then reversed; the current of flame or hot waste gases is 
employed to heat up the second pair of regenerators; and the 
gas and air enteiiig the fdmace are passed in the opposite 
direction through the jSrst pair, and coming into contact, in the 
first instance, with the cooler brickwork below, are gradually 
heated as they ascend, until, at some distance from the top, 
they attain a temperature nearly equal to the initial heat of 
the waste gases, and, passing up into the furnace, meet and at 
once ignite, producing a strong flame, which, after passing 
through the heating-chamber, is drawn down through the 
second pair of regenerators to the chimney-flue. The tem¬ 
perature attained by the ascending gas and air remains nearly 
constant, until the uppennost courses of the I'egenerator brick¬ 
work begin sensibly to cool; but by this time the other two 
regenerators are sufficiently heated, and the draught is again 
reversed, the stream of waste gases being turned down tlirough 
the first pair of regenerators, re-heating them in turn, and the 
gas and air which enter the furnace being passed up the second. 

By thus reversing the direction of the draught at regular 
intervals, nearly all the heat is retained in the furnace that 
would otherwise be carried off by the products of combustion, 
the temperature in the chinmey-flue rarely exceeding 300® F., 
whatever may be the heat in the furnace. The proportion of 
heat carried off in an ordinary fomace by the products of com¬ 
bustion is generally far greater than that which can be utflized, 
as all the heat of the flame below the temperature of the work 
to be heated is absolutely lost. The economy of fuel effected 
in the regenerative gas fiimaee, by removing this source of 
loss, and making all &e heat of the waste gases, however low 
its intensity, contribute to raise the temperature of the flame, 
amounts in average practice to fully 50 per cent, on the quan¬ 
tity used in an ordinary furnace, and the saving is greater the 
higher the heat at which the furnace is worked. In addition to 
this economy in the amount of fuel used, a much cheaper quality 
may generally be burned in the gas producer than could he 
used in a furnace working at the same heat, and in which the 
&el is burned directly upon the grate m the ordinary way- 



AS APHJED TO THE MANtTEACTrURE OF CAST STEEL- 297 


When the heat of the famace is not ahstraoted continually 
by cold materials charged into it, the temperatome necessarily 
increases after each reversal, as only a very small fraction of 
the heat generatedtis canied off by the waste gases. The gas 
and air, in rising through the regenerators, are heated to a 
temperature nearly equal to that at which the flame had been 
passing down, and when they meet and bmm in the furnace 
the hgat of combustion is added to that carried up from the 
regenerators, and the flame is necebsarily hotter than before, 
and raises the second pair of regenerators to a higher heat. On 
again reversing, this higher heat is communicated to the gas 
and air passing in, and a still hotter flame is the rof^iilt. 

The temperdTm-e that may be attained in thib way by the 
gradual accumulation of heat in the furnace and in the upper 
part of the regencratiirs appears to he quite unlimited, and the 
heat at which a suitably designed firmace can be worked is 
limited in practice only by the difficulty of finding a material 
fiufficieiitly refractory of which it can be built- 

Welsh Dinas brick, consisting of nearly pure silica,* is the 
only material, of those practically available on a large scale, 
that I have found to resist the intense heat at which steel-melt¬ 
ing furnaces are worked; but though it withstands perfectly 
the temperature required for the fdbion of the mildest steel, 
even this is melted easily if the furnace is pushed to a still 
higher heat. 

As the gas flame is quite free from the suspended dust which 
is always carried over from the fuel by the keen draught of an 
ordinary furnace, the brick-work exposed to it is not fluxed on 
the surfeoe and gradually cut away, but fails, if at all, only from 
absolute softening and fusion throughout its mass. A Stour¬ 
bridge bridk, for example, exposed for a few hours to the heat 

• AnalTi^ of JDJmb “tiny" from Pont-ITeaih-YaiigliaD, Vale of ITeatA (Percy’s 


Heialliu^gy, vol. p. 237). 

Smea . 98-31 

Alumina. 0 72 

Protoxide of iron . 0-18 

Lime. . .. 0*22 

Potass and soda.. 0-14 

Water combined. 0*35 


99-92 

The ‘'clay** is mixed with 1 per cent, of lime in making the brieks. 
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of the sted-melting furnace, remains quite sharp on the edges, 
and is Kttle altered even in colour; but it is so thoroughly 
softened by the intense heat, that on attempting to take it out, 
the tongs press into it and almost meet, and it is often pulled in 
two, the half-fused material drawing out in long strings. It 
results from this perfect purity of the flame, that where the 
heat is not sufficient to effect the absolute fusion of the bricks 
employed, the length of time is almost unlimited, during which 
a gas furnace will work without repairs. 

Another advantage in employing the fuel in the manageable 
form of gas is that the rate of combustion may be regulated at 
pleasure to produce an active heating flame of any length, from 
little more than two feet, as in the pot steel-melting furnaces, 
to thirty feet in the largest ftimaces for the fusion of plate 
glass; and the most intense heat may be thrown exactly upon 
the charge, the ends of the furnace and the apertures through 
which the gas and air are introduced being actually protected 
from the heat by the currents of unbumed and comparatively 
cool gases flowing through them, and only mixing and burning 
at the very point at which the heat is required, and where it is 
taken up at once by the materials to be fused or heated. This 
is of especial importance in the case of those ftimaces in which 
a very intense heat is employed. 

The amount of brickwork required in the regenerators to 
absorb the waste heat of a given furnace is a matter of simple 
calculation. The products of the complete combustion of one 
pound of coal have a capacity for heat equal to that of nearly 
17 pounds of firebrick,* and (in reversing every hour) 17 pounds 
of regenerator brickwork at each end of the furnace per pound 

* Taking the analysiB by Yanx of the celebrated ten-yard coal of Soutb Stafford¬ 
shire (W atts* Bietionaiy of Ghemistiyv i, 1081), the exact calculation is as follows:— 


Composition of the coal. 


Oxygen required. 

Carbon. 

... -785? 

*#“ 

2*0952 

Hydrogen..... 

... -0529 

5C 8 « 

0*4282 

Snlphnr. 

... •0039 

X 1 « 

0*0089 

Nitrogen. 

... -0184 


2*5223 

Oxygen....... 

... *1288 ... 



Ash . 

... *0108 




— ■ ■ - net oxygen required 2*8985 
1-0000 20 per cent, excess 0*4787 

Total Oxygen. 2*8721 
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of coal burned in the gas-prodncer per hour would be theoreti¬ 
cally sufficient to absorb the waste heat, if the whole mass of 
the regenerator were uniformly heated at each reversal to the 
full temperature of the flame, and then completely cooled by 
the gases coining in; but in practice by fer the larger part of 
the depth of regenerator chequer-work is required to effect the 
gradual cooling of the products of combustion, and only a small 
portion near the top, perhaps a fourth of the whole mass, is 
heated uniformly to the full temperature of the flame; the heat 
of the lower portion decreasing gradually downwards nearly to 
the bottom. Three or four times as much brickwork is thus 
required in the regenerators, as is equal in capadly for heat to 
the products of combustion. 

The best size and arrangement of the bricks is determined by 
the consideration of the extent of opening required between 
them to give a free passage to the air and gas, and by the rule, 
deduced from my experiments on the action of regenerators in 
1851-2,* that a surfroe of six square feet is necessary in the 
regenerator to take up the heat of the products of combustion 
of one pound of coal in an hour. 

By placing the regenerators vertically and heating them from 
the top, the heating and cooling actions are made much more 
uniform throughout than when the draught is in any other 
direction, as the hot descending current on the one hand passes 
down most freely through the coolest part of the mass, while 
the ascending current of air or gas to be heated, rises chiefly 


Corre^xidiDg Kitrogen •« 9’616 
UrSirogenxzLthefiiel ...... *018 

TotalISHiirogeft 9*884 

Gaaas produced ficonx 1 Ib. Specific heats. Equivalent wdght 

of ooaL of water. 

Carbonic add » 2881 *217 *625 

Waier(Steam) - 0*476 *480 *228 

Snlphnrons acid ~ 0 004 *154 *001 

Oxygen in ezeesB = 0*479 *218 *104 

Kitrogen « 9*684 *244 2*350 

Total equivalent weight of water.... 8*808 


„ firebrick (ap. beat » 02) ...« 16640 

* Proceedinj^ of the Institution of ClvU l^^seexs^ 1862-3, page 571, On the 
Oonverdon of H^t into Mechanical Effect. 
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througli that part -which happens to be hottest, and cools it tO 
an e<piality with the rest. 

The regeneKitors should be always at a lower level than the 
heating chamber; as the gas and air are then forced iato the 
furnace by the dianght of the heated regenerators, and it may 
be worked to its fall power, either with an outward pressure in 
the heating chamber, so that the flame blows out on opening 
the doors, or with the pressure in the chamber just balanced, 
the flame sometimes blowing out a little, and sometimes draw¬ 
ing in. The outward pressure of the flame prevents that chilling 
of the ftimaoe, and injury to the brickwork, from the in-draught 
of cold air through crevices, whidi is otherwise unavoidable in 
any furnace worked without blast. 

The action of the furnace is regulated by the diimney damper, 
and by valves governing the supply of gas and air, and the 
draught is reversed by cast-iron reversing valves, on the prin¬ 
ciple of the common four-way cock. 

Fusion of Steel m Crucibles .—^In the application of the 
system to the fusion of steel in closed pots or crucibles, 
the melting chamber, containing generally 24 pots, is con¬ 
structed in the form of a long trench, 3 feet 6 inches wide 
at the bottom, and gathered in to imder 2 feet at the 
top. The aides of the melting-chamber are arched both hori- 
ssontally and vertically, to keep tihem from sinking together in 
working, and the work is strengthened by cross walls at inter¬ 
vals. The pots are set in a double row along the centre of the 
melting-chamber, and the flame passes from side to side, the 
gas and air from the regenerators being introduced alternately 
from one side and from the other, opposite to each pair of pots. 
The meltiag chamber is closed above by loose firebrick covers, 
which are drawn partly off in succession by means of a lever 
suspended from a pulley above the furnace, when the pots are 
to be charged or drawn out. The pots stand in a bed ts£ finely 
ground coke-dust, resting on iron plates. The coke dust bums 
away only veiy slowly, if it is made of hard coke and finely 
ground, and it presents the great advantage of rexnaining 
always in the form of a loose dry powder, in which the pots 
stand firmly, while eveay other material that I have tried either 
Boft^s at the intense heat, or sets after a time into a hard, 
tmevBR mass, in which th^ pots do not stand well. 

The process of melting carried out in this fonn of gas fomaoe 
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is the same in all xespects as that in the small air fimxaces or 
melting-holes fired "with coke which are commonly employed, 
but a great saving is effected in the cost of fuel, and in the 
number of crucibles required. 

The ordinary consumption of hard coke, costing 22a. per ton 
in Sheffield, is between three and four tons per ton of steel 
&8ed, while in the gas fdmace the same woi'k may be done by 
the expenditure of 15 to 20 cwt. of common coal slack (worth 
only 5^. to per ton), at a cost that is of only 5s* against 75s. 
per ton of steel melted. There is a further saving in the number 
of crudhles required, as they may be used in the gas fiimace 
four or five, and sometimes even ten times, while in fiimaces 
heated by coke, two or three casts are as much as are ever 
obtained. The Iming of the fdmace lasts at least 15 to 20 weeks 
without repair (in working day and night), while 4 to 5 weeks 
is the longest duration of the ordinary coke-fired holes. 

Fusion of Steel on the Open Bed .—^The fdmace employed for 
the fiision of ateel on the open bed is in shape to a 

reheating or puddling furnace-; the direction of the flame is from 
end to end; and the regenerators are placed transversely below 
the bed, which is supported on iron plates, kept cool by a 
current of air. The air enters beneath the bed plates in front, 
and escapes by two ventilating shafts at the back of the fur¬ 
nace near the ends. This cooling of the bed is very necessary 
to keep the slag or melted metal from finding its way through 
into the regenerator chambers. The upper part of the fdmace 
is built entirely of Dinas brick. 

There are t^ee doors in the front of the furnace, one in the 
centre immediately over the tap-hole, and two near the bridgea, 
through which the bed can be repaired when necessary, and 
ingot ends or other heavy scraps may be charged in. Sloping 
shoots are provided at the back the furnace, through which 
long bars, such as old rails, may be conveniently charged, and 
beneath these are openings for chargbig the pig-iron. The 
upper end of the shoots is on a level with an elevated ohargmg 
platform behind the fdmace. 

The bottom of the furnace is formed of siliceous sand, which 
answers exceedingly well if properly sdected and treated. 

Instead of putting moist sand into the cold furnace, as is usually 
done in preparing the bottoms of furnaces for heating or melting 
iron or copper, I dry the sand, and introduce it into the hot 
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fttmace, in layers of about V' thickness. The heat of the fmv 
nace must be snfficieiit to fuse the surface of each layer, that is 
to say, it must rather exceed a welding heat to begin with, and 
rise to a full steel-mdting heat at the end of the operation, in 
order to impart additional solidity to the uppermost layers. 
Care must be taken that tlie surface of the bath assumes the 
form of a shallow basin, being deepest near the tap-hole- Some 
white sands, such as that from Gomal, near Birmingham, will 
set under these circumstances into a hard impervious crust, 
capable of surviving from 20 to 30 charges of liquid steel, 
without requiring material repairs. If no natural sand of proper 
quality is available, white sand, such as Fontainebleau sand, 
may be mixed intimately vrith about 25 per cent, of common 
red sand, to obtain the same results. 

In tapping the furnace, the loose sand near the tapping-hole 
is removed, -when the lower surface of the hard crust wiU be 
reached. The lowest point of this surface is thereupon pierced 
by means of a pointed bar, upon the withdraw'al of which the 
fluid metal runs ont from the hottest and deepest portion of the 
hath into the ladle in front of the furnace. 

M. Le Chatelier now proposes to mix the natural Bauxite 
of which the bottom of the experimental furnace at the works 
of MM. Boignes, Ramhourg and Co., near Montluyon was 
first made, with about 1 per cent, of chloride of calcium in 
solution, to oaldne the mixture, and to form it into moulded 
masses of highly refractory material. 

A hard bottom being thus prepared, and the heat of the 
fomace hemg xaised to whiteness, it is ready to receive the 
materials to be melted. 

If these materials consist of bar iron, or of old iron and steel 
rails, they are cut into lengths of about six feet, and aie intro¬ 
duced into the furnace through slautiug hoppers from the 
devated platform at the back, so that their ends rest upon the 
sand bottom forming the bath. 

If the capacity of the fomace is such, that charges of 3 tons 
can be formed, about 6 cwt. of grey pig-iron is introduced 
through the ports or short hoppers, below the main chargiug 
hoppers before-meniaoned. As soon as a bath of pig metal is 
formed, the heated ends of the raOs or bars begin to dissolve, 
causing the bars gradually to descend. By partially closing 
the mouths of the chargiag hoppers, a regulated quantity of 
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flame is allowed to escape from the furnace, in order to heat 
the descending bars of metal previous to their entry into the 
meltmg-chamber, the object being to maintain the l^gh tem¬ 
perature of the furnace, notwithstanding the constant introduc¬ 
tion of cold metal. The escaping products of combustion, 
which are thus withdrawn from the regenerators, are a positive 
gain to the heat of the furnace, because, having been m contact 
with comparatively cold metal, they would be at a heat inferior 
to that of the upper portions of the regenerators, and would 
therefore only lower their temperatures. 

As the bars sink in the hoppers by their gravity, they are 
follovred up by additional bare until the metal chargi^ amounts 
to about three tons, all of which wdll be rendered fluid withip 
about four hours from the time of commencing the charge. 
The metallic bath is tested from time to time by the iutroduo- 
tion of a bar through one of the front doors of the fiimace, and 
if the bath should become thick before the end of the operation,’^' 
although the heat has been maintained, it will be necessary to 
introduce an additional quantity of pig-metal. All the metal 
being liqrrid, a sample is taken out by means of a small iron 
ladle, and plunged into cold water while still red-hot. In 
breaking this sample upon an anvil, the temper and quality of 
the metal may be fidrly judged. Its fractiure should be bright 
and crystalline, betokeniug a very small proportion of carbon 
(not exoeedmg •! per cent.), and lie metal should be tough and 
malleable, notwithstanding its sudden refrigeration. From 5 
to 8 per cent, of Spiegeleisen (containing not less than 9 per cent, 
of manganese), is thereupon charged through the side openings 
upon the bank of the fdmatse, and allow^ed to melt down into 
the bath, which is then stirred and made ready for tapping in 
the manner before desciibed- 

The amount of carbon introduced with the Spiegeleisen deter¬ 
mines the temper of the steel produced, the manganese being 
necessary to prevent redshortness, unless Swredi^ or Styrian 
iron is used. 

When old iron rails or scrap of inferior quality are charged, 
the addition of manganese does not suffice to effect the neces¬ 
sary purification of the steel produced; hut the perfectly liquid 
condition of the bath, together with the unlimited time available 
for chemical reaction, offer extraordinary advantages for the 
introduction of sudb materials as may be found to combine with 
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STilplnar, phosphorus, silicon, or arsenic, which are the usual 
antagonists to be dealt with. 

The espeiinients which I have been able to institute in this 
direction, are hj no means complete;—nevertheless, I have 
obtained most beneficial results firom the introduction into the 
bath of Ktharge, in conjunction with oxidishig salts containing 
strong bases, such as the alkaline nitrates, chromates, chlorates, 
stannates, titanates, &c. 

The choice of the reagents and the quantity to be employed 
depend, naturally, upon the quality and quantity of objec¬ 
tionable matter to be removed. 

By the aid of the process just described, it will be possible to 
convert old iron rails into steel rails of sufficiently good quality 
at a cost scarcely exceeding that of re-roUing them into fresh 
iron rails. The non-expensive nature of the process may be 
judged by the fact that extremely little labour is required in 
conducting it; that the loss of metal does not exceed from 5 to 
6 per cent., and that from 10 to 12 owt. of coal suffices to pro¬ 
duce a ton of cast steel. 

Ore .—^Although I have succeeded in producing malleable 
steel from ordinary English iron by this process, it would 
be um-easonable to expect steel of really high qualify, in using 
those materials which are already contaminated in the blast¬ 
furnace ; and I am sanguine in the expectation of producing 
cast steel superior in quality, and at a low cost, directly from 
the better description of ores, such as the haematites, magnetic 
oxides, and the spathic carlmnates. My experiments in this 
direction extend over several years; and last year I sent a 
few bars of steel produced from haematite ore, to the French 
Exliibition, which had stood a high test in Kirkcaldy’s 
machine. A “grand piix” was awarded for this and other 
applications of the regenerative gas furaaces. 

Having tried various modifications of the furnace, I have 
arrived at a form of apparatus not dissimilar to the one just 
described. The ftimace and tapping arrangements axe, indeed, 
the same, except that for the slanting hoppers, vertical hoppers 
over the middle of the bath, are substituted, in which the ore 
gradually descends. Each hopper is formed of a cast iron pipe, 
supporting a clay-pipe, which is attached to it by means of a 
bayonet-joint, and reaches down into the furnace, while the 
cast-iron pipe rests with its flange on the charging platform. 
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A fire qoace is provided siirroxmding each hopper, through 
which flame ascends firom the fiimace^ and is allowed to escape 
in regtdated quantities near the upper extremity of the retort^ 
the object being to heat the latter and the ore contained in it to 
a red heat. A wrought iron pipe descends into each hopper 
from a general gas-tube above, through which a coirent of 
ordinary producer gas is forced in amongst the heated ore. The 
propulsion of the gas is effected most conveniently by means of 
a steam-jet in the gas-tube leading from the main gaa-channel 
to the top of the furnace, care being taken to effect a total con¬ 
densation of the-steam bypassing the gas finally through a 
small scrubber, in whidi water trickles over pieces of coke. In 
this way the gas is at the same time purified from sulphurous 
add, the sulphur of which might otherwise combine with the 
reduced ore. 

The furnace is charged in the following manner:— 

The hoppers and gas-pipes being placed in position, about 
i cwt. of charcoal is charged through each hopper to form a 
basis for the ore with which these are afterwards filled. 

About 10 cwt. of pig-metal is charged through the ports at 
the back or front of the furnace, which^ upon being melted, 
forms a metaUic bath below the hoppers. In the meantime, the 
ore in the lower parts of the hoppers, being heated in an atmo¬ 
sphere of reducing gas, has become partially reduced into metal 
i^onge, which, iu reaching the metallic bath, is readily dis¬ 
solved in it, making room for the descent of the superincumbent 
ore, which is likewise reduced m its descent and dissolved in 
due course, fresh ore being continually supplied on the charging 
platform. The dissolution of the reduced ore proceeds with 
extraordinary rapidity, but is practically limited by the time 
necessary to ^ect the reduction of the ore in the hopper which 
oGcapies several hours. It is, however, not essential that the 
ore i^ould be thoroughly reduced before reaching the bath, 
because the carbon contained in the cast metal serves also to 
complete the operation. 

I prefer to employ a mixture of haematite and spathic ore, 
contabing the elements for forming a fusible slag, which wQl 
accumulate on the sur&ce of t|}^e metaUic bath, and may be 
from time to time removed through the centre door, if the ore 
contains any silica, it is 'necessary to add some lime or other 
fluxing material^ but it is desirable to employ ores containing 
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little gangue, in order not to exKnimber the fomace with slag, 
reserving the poorer ores for the blast furaaoe. The ore should 
moreover, be in pieces ranging from the size of a pea to that of 
a walnut, in order to be pervious to the reducing gases. If ores 
in the tbim of powder are employed, it is necessary to mix them 
with about 10 per cent, by weight of Kght carbonaceous 
materials, such as dry peat, wood, or charcoal. 

The metallic bath having sufficiently increased in the comrse 
of from three to four hours, the supply of ore is stopped, and 
that contained in the hoppers is allowed to sink. Before the 
hoppers are empty, a false cover of cast iron, lined with clay at 
its under side, is introduced, bein^ suspended from above by a 
strong wire, in order to prevent the access of flame to the 
interior of the empty hoppers. Charcoal and ore are filled in 
upon the top of ihis felse cover, and, on cutting the vrire, 
afterwards form the commencement of the succeeding charge. 

TVhen aU the ore has disappeared, the metallic bath is tested 
as before described in reference to the melting of scrap. If it 
should be partially solidified, cast iron is added to re-establish 
complete liquefection; but if, on the other hand, the bath 
contains an excess of carbon, oxidising agents may be added as 
before described, in requisite proportion. From 5 to 8 per cent, 
of Spiegeleisen is then added, and the fdmace is tapped as 
already described. 

The quality of fibie sted produced is chiefly dependent upon 
the quality of the ore, but considering that ores of great freedom 
from sulphur, phosphorus, or arsenic can be had in large 
quantities, this process contains all the dements for producing 
steel of high quality. 

Having tried a variety of ores, I do not attach much importance 
to their precise composition, so long as they are comparatively 
free from gangue, and from sulphur and phosphorus, the heat 
hdng sufficient to reduce the most refractory. My experience 
is, however, as yet limited to experimental working. 

I hoped to have been m a position to have given you the 
temperature of this furnace, as determined by an dectric resist¬ 
ance pyrometer, which I have constructed for this purpose, but 
have not yet been able to obtain satisfrctory results, owing to 
the destruction of the coil of platinum wire, whidb. has to be 
exposed to the heat. My efforts were baffled moreover by the 
fibdv interesting iu itsell^ that platinum wire produced by fusion 
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Mr. Warren De la Ene, P.E.S., President, in the CShair. 

The following report was read by the President:— 

The President and Oonncil on this, as on many previous 
anniversary meetings, are able to congratulate the Society upon 
the gradu^y increasing number of its Fellows, upon the 
prosperous state of its finances, and above aU upon ike con¬ 
tinuance of its activity and usefulness. 

The number of Fellows at the last anniversary was 499: at 
present the number is 510. The particulars of alteration are 
as follows:— 


Number of Fellows, March 30th, 1867 .. • • 499 

Since elected and paid admission fees .. • • 84 

53d 

Bemoved on account of arrears .. •• 8 

Withdrawn.. 5 

Deceased.. »« •• 10 

— 23 

Number of Fellows, March SOth, 1868 • • .. 510 

Number of Foreign Members, March 30th, 1867 ^ 40 

Deceased. 1 


Number of Foreign Members, March 30th, 1868 39 
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Number of Associates, Maroli 30th, 1867 «• 0 

Since elected .. 2 

Number of Associates, March 30th, 1868 .. 2 

The names of the Fellows who have withdrawn are:— 

C. N. Ellis, Anselm Odling, Dr. P. V. Paxton, Edward 
Kea, W. V. Russell, 

During the past season the subject of the admission of new 
Fellows into the Society has been specially considered by the 
Crouncil. The repoit of a Committee appointed for inquiring 
into the matter having been adopted by the Council and circu¬ 
lated among the Fellows, the by-law relating to the election 
of Fellows was, after due notice, amended in accordance with 
the recommendation of the Committee’s report, at an extra- 
ordinaiy general meeting of the Society, held on December 5th, 
1867. 

The by Jaw now stands as follows:— 

Every candidate for admission into the Society shall be pro¬ 
posed according to a form of recommendation (see No. 1 Ap¬ 
pendix) subscribed by five Fellows of the Society, to three, at 
least, of whom he shall be personally known; and such cer¬ 
tificate shall be read and suspended in the Society’s rooms, or 
place of meeting, for three Ordinary Meetings, 

The following is the List of Papers read at the meetings of 
the Chemical Society between March 30th, 1867, and Ifcch 
30th, 1868 

1. “Note on Solidified Glycerin:” by Dr. Gladstone. 

2. “Experiments on Oxidation by means of Charcoal:” by 
Prof- Grace Calvert. 

3. “ Observations on the Weathering of Copper Oresby 
Mr. J. Spiller. 

4. “ On the Oxidation of the Acids of the Lactic Seriesby 
Mes^, E, T. Chapman and Miles H. Smith- 

5. “ On Limited Oxidation with Alkaline Permanganate:” hy 
Messrs. E. T. Chapman and Miles H. Smith. 

6. “On the Presence of Soluble Phosphates in Cotton Fibre, 
Seeds, &c.:” by Pro£ Of ace Calvert. 
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7. **Ol)serYatioiis on Combination ly the Alleged Saturation 
of Atomicitiesby Dr. Odling. 

8. *‘On the Constitution of the Phosphites:” by Professor 
Rammelsberg. 

9. “ On the Changes in the Proportion of Add and Sugar in 
Grapes during the Process of Ripening:” by Dr. DuprA 

10. ‘‘On the Addition of Plaster o-f Paris to Must:” by Dr. 
Dupre- 

11. On an Adapter to Absorb Sulphuretted Hydrogenby 
the Rev. B. W. Gibsone. 

12. ‘‘ On the Practical Loss of Soda in the Alkali Manu&icture 
by Mr. W. C. Wright, 

13. “On some new Derivatives of Hydride of Salicyl:” by 
Mr. W. H. Perkin. 

14. “ On Pyrophosphoric Acidby Dr. Gladstone. 

15- “On Water Analysis and the Determination of Organic 
Matter in Waterby Messrs. Wanklyn, Chapman, and 
Smith. 

16. “Analysis of a Biliary Concretionby Dr- Phipson. 

17. “ On the Action of Chloride of Iodine on Picric Acidby 
Dr. Stenhouse. 

18. “ On the Chloride of Carbon of Julinby Mr. H. Bassett. 

19. “On the Estimation of Compound Ethers in Wine:” by 
Dr. DuprA 

20. “ On the Action of Acetic Anhydride upon the Hydride of 
SaKcyl, Ethyl-Salicyl, &c.by Mr. W. H. Perkin. 

21- “ On Nitrous and Nitric Etbersby Messrs. E. T. Chap- 
man and Miles H. Smith. 

22. “ On the part taken by Oxide of Iron and Alumina in the 
Absorptive Action of Soilsby Mr. R- Warington, Jun. 

23. “Analysis of the Water of the Holy Well!, at Humphrey 
Head, North Lancashire:” by Mr. T. E, Thorpe. 

24. “On the Action of Permanganate of Poiadi on XJrea, 
Ammonia, and Acetamide,in strongly Alkaline Solutions:” 
by Messrs. J. A. Wanklyn and Arthur Gamgee. 

25. “Verification of Wanklyn, Chapman and Smith’s Process 
of Water Analysis;” by Prof J. A. Wanklyn. 

26. “ On the Relation between the results of Water Analysis 
and the Sanitary Value of Hie Waterby Mr. E. T. Chap¬ 
man. 

27. “On the Pyrophosphoric Amides;” hy Dr. Gladstone. 

b 2 
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28. “On the Artificial Production of Coumarin and Formation 
of its Homologuesby Mr. W. H. Perkin. 

29. “ On Turacin, a New Animal Colouring Matterby Prof. 
Church. 

30. “ Note on the Preparation of Ureaby Mr. J ohn 
Williams, 

31. “ On the Freezing of Water and Bismuthby Mr. Alfred 
Tribe. 

32. “On the Isomeric Forms of Valeric Add:” by Mr. 
Alexander Pedler. 

33. “ On a Simple Apparatus for Determining the Gases incident 
to Water Analysis:” by Dr. Frankland. 

34. “On the so-called Thioformic Acid:” by Dr. Debus. 

35. “On a New Galvanic Battery:” hy Mr. Warren De la Rue 
and Dr. Hugo Muller. 

36. “On Gas Analysisby Dr. J. W. Russell. 

37. “ On the Reduction of Carbonic Add to the State of Oxalic 
Add:” by Dr. Dreschel. 

38. “ On some New BenzyHc Derivatives of the Salicyl Series 
by Mr. W. H. Perkin. 

39. “ On the Action of Oxidizing Agents on Organic Compounds 
in Presence of Excess of Alkali:” by Messrs. Wanklyn 
and Chapman. 

40. “Note on Dr, Frankland’s Ptocess of Water AnalyHis;” 
by Mr. E. T, Chapman. 

41. “ Note on the Estimation of Nitric Add in Potable Waters 
by Mr. E. T. Chapman. 

42. “On the Hydride of Aceto-Salicyl:” by Mr. W. H. ^^erkin. 

43. “On the Absorption of Vapours by Charcoal:” by Mr. 
John Hunter. 

44. “On the Occurrence of Prismatic Arsenious Add:” by Mr. 
T. Claudet. 

45. “On the Action of Nitric Add on Picramio Add;” hy Dr. 
Stenhonse. 

46. “OnCfcloranil:” by Dr. Stenhonse. 

47. “On the Action of Zinc-ethyl on Nitrous and Nitric 
Ethers:” by Messrs. E. T. Chapman and Miles H. 
Smith. 

4^. “ On tiie Direct Transformation of Carbonate of Ammonia 
into Urea:” hy Professor Kolbe. 
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The foUo'wip.g lectures also have been delivered:— 

**On Ideal Ghemistryby Sir Benjamin C. Brodie, Bart. 
«On Water Analysis:” by Dr. FranklandL 
** On Chemical Geologyby Mr. David Forbes. 

On the llanufeicture of Glassby Mr. Henry Chance. 

Progress of Chemistry. 

Without pretending to give an account of the extraordinary 
activity in chemical investigation, and the important additions 
made to the science of chemistry siuce you were last addressed 
from this chair, I may, nevertiieless, bring briefly to your 
recollection some of the most important work which has been 
accomplished during the past year. 

Although organic chemistry still receives the larger share of 
attention, inorganic chemistry has, nevertheless, latterly gained 
in popularity, and bids lair to gather a contiaually increasing 
number of votaries. In purely theoretical chemistry, the ap¬ 
pearance of Sir Benjamin Brodie’s chemical calculus h^ 
given a new impulse to abstract speculation on a subject which 
goes to the very foundation of the true philosophy of our 
science. Whatever may be the ultimate verdict of chemists 
with respect to the views propounded by Sir Benjamin, it 
cannot be disputed that the publication of his monograph will 
have initiated a most valuable and suggestive discussion. 

On account of its important bearing on the physics of 
chemistry, I will recall, in the first instance, the remarkahb 
results obtained by Professor Graham, in the pursuance^of his 
researches on dialysis. You wfll remember that MM. DevilH 
and Troost had observed the permeabilily of platinum and 
iron to hydrogen at a high temperature; also that Professor 
Graham had pointed out the power which a septum of 
india-rubber possesses in separating gases. Following up this 
train of thought, he has been more recently induced to study 
the action of metallic septa at different temperatures, and has 
found that the permeability is different for different gases, and 
that even an approximate separation of gases mixed together 
can be effected by this means. The extraordinary power of 
condensation and occlusion of some gases, possessed by several 
metals, among which palladium is so especially distinguished. 
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may be regarded as one of tbe most striking pbenomena which 
have been brought under the notice of chemists. 

Messrs. Frankland and Duppa, in continuation of their 
researches in synthetical chemistry, have given a very important 
contribution to the long list of new bodies with which the 
method used by themselves and Geuther, had already enriched 
chemistry, and which, by the light they throw upon isomerism, 
are justly deserving of the high appreciation of chemists. 

In the same direction may be cited the results of the impor- 
tant researches of Fittig, and Ms associates, on the synthesis 
of the aromatic hydrocarbons, which have been considerably 
augmented during the last year. 

The transformation of aromatic monamines into adds richer 
by one increment of carbon, effected by Hofmann, by subjecting 
the monamine to distillation in the presence of oxalic add, where¬ 
by a certain portion of the corresponding nitrile is obtained, 
constitutes a valuable method for preparing certain aromatic 
acids which until now existed only in theory. The discovery 
1^ Hofmann of a new series of isomers of the hydro-cyanogen 
series, also promises to afford a fertile field of chemical research* 

Passing on to another branch of synthesis, it is gratifying to 
notice, that the number of instancee of the artifldal production 
of organic substances, formerly known only as prodncts of 
organised life, is also steadily on the increase. Perkin, during 
his researches on hydride of salicyl, has effected the artificial 
formation of coumarin, whereby the exact association of this 
interesting substance with the salicylic series has been esta¬ 
blished. 

Liehreich, some years ago, discovered an interesting organic 
base^ neurine, a direct derivative of protagon, a constituent of 
braisL Baeyer has since shown that this substance has the 
compodtion and constitution of hydrate of oxetiiyl-tiimethyl 
ammonium, thereby suggesting the possibility of the synthetical 
production of neurine. Wurtz has quite recently earned the 
suggestion into effect, and has actually produced this complex 
organic body by artificial means. 1 cannot pretend to assert 
that our modem theoiy of chemistry is not destined to be 
Bubstituted by other hypotheses, but I think the artificial pro¬ 
duction of so complex a substance as neurine may be adduced 
as evidence of our beong able to form a good working theory, 
and of the general soundness of modmm chemical reasonmg. 
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Urea, the artificial production of which furnished the first 
proof of the identity of chemical and vital action, has been 
qnite recently produced by a new process, which, like so 
many other processes of Kolbe, startles ns by its simplicity 
and boldness. Finally, in drawing attention to the synthetical 
production of oxalic acid carried out by Drechsel, in Kolbe’s 
laboratory, I conclude the list of recent additions to the 
number of artificially produced substances—^results which must 
always be regarded as triumphs of mind over matter. 

In physiology, it will suffice to record here the recent unlooked- 
for results obtained by Pettenkofer and Voit, in their experi¬ 
ments with the celebrated respiration apparatus at ilunich, by 
which it appears that during sleep animals store up oxygen, 
a fact which seems to throw important light on the functions of 
sleep. 

Priedel and Ladenherg, by the discovery of the silicium- 
mercaptao, have brought more prominently to light the chemical 
resemblance of carbon and silioium. 

The recent researches on gun-cotton by Abel, have completed 
the chemical history of this remarkable substance, an instalment 
of which was given by him in his former memoir on the subject. 
He has now cleared away all doubts respecting its stabiKty and 
adapiahOily for use as an explosive. 

In the branch of analysis, it is hardly necessary to refer to 
the zealous prosecution of the important subject of the analysis 
of potable water, farther than to prognosticate that, ont of 
the active investigations which have recently so much engaged 
our attention, we may look forward to an early solution of the 
problem. 

In concluding this very brief review of the progress of 
chemistry, I must not omit to mention the interest which has 
been re-awakened in the chemical investigation of geological 
phenomena; and we look forward with interest to the new 
views which we may expect to be developed. 

During the past year we have lost, by the hand of death, 
nine Fellows and one Foreign member of our Society; death 
has also removed a distinguished chemist, who, although he 
withdrew from the Society some years ago, will be recollected 
by many as one of the original members; I mean Dr. Thomas 
Clark, 



viii PKOCnDINGS OF THE OHEMIOAIi SOdETT. 

List of Fdlows deceased, since the last Anniversary, March, 
1867:— 

Walter Crum, Esq., F.E.S., Dr. Daubeny,F.R.S .5 Dr.Fara^- 
day, F.R.S., W. H. Gossage, Esq., William Herapath, Esq., 
Alfred Noble, Esq., Rev. H. M. St. Aubyn, John Ten- 
nent, Esq., Robert Warington, Esq., F.R.S., J. Pelouse, 
Membre de TAcad. Imp. des Sciences, Paris; William Win- 
sor, Esq., died the 1st of November, 1865. 

Thomas Clark, one of the original members of the Chemical 
Society, was bom in Ayr, on the 31st March, 1801. His fother, 
a man of singular energy, integrity, and ciroumspection, was 
captain of a merchantman, and, during a long career, sailed 
in every sea, without encountering a disaster. His mother was 
also a woman of uncommon cast; she originated the well-known 
Ayrshire needlework. All the children that grew up to matu- 
liiy were marked with strength of character, in different ways. 
Thomas was educated at the Ayr Academy, a school then 
famous in the west of Scotland, numbering upwards of 400 
pupils. The course of instruction was extensive and complete, 
including French, classics, and mathematics; and the rector 
(Mr. Jackson, afterwards Professor of Natural Philosophy in 
St. Andrew’s University), gave occasional lectures in experi¬ 
mental sdenoe. Clark was considered a heavy, dull boy; his 
progress was slow, till about 13, when he began mathematics, 
and became one of the distinguished boys of the Academy. He 
was fond of propounding school-boy schemes, and got the 
sobriquet ‘‘Philosopher Tom.” Many men of eminence have 
proceeded from the same school. 

La 1816, he went to Glasgow, and entered the counting- 
house of Charles Macintosh and Co., the inventors of the 
waterproof doth. The main portion of the business of the 
firm at that time was preparing a material known as “ cudbear,” 
which was used as a scarlet dye, more especially in the manu- 
fectme of doth for the army. While Clark was still in the 
employment of the firm, they began the manufacture of the 
India-rubber doth. Macintosh also, from a mineral found in 
the margin of the coal formatiori, created an extensive alum 
manu&cture. 

It wttis in this coimexion that Clark first had his mind tamed 
to itonsitalogy and chemistry, and their applications in the aits. 
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Although he often remarked that his training in the coxmting- 
honse was of value to him in the diagrammatic representation 
of scientific facts, he was by no means an apt accountant, and 
he did not remain veiy long at the vrork. The Macintoshes 
discovered the true bent of his mind; and, on their recommen¬ 
dation, he obtained the situation of chemist, in Tennant’s 
Chemical Works, at St. Eollox. 

In 1826, he was appointed Lecturer in Chemistry to the 
Glasgow Mechanics’ Institution, having then left St. Eollox. 
About this date, he began bis career of original investigation. 
In the programme of his lectures for 1826, he gave his table of 
chemical elements and formulae, from which may he inferred 
the state of advancement of his views on the atomic theory, 
and the theory of salts. 

That theory of the constitution of salts in which they are 
represented as uniformly consistiog of a metal or hydrogen 
united with a radical, simple or compound, no doubt originated 
in Davy’s discovery of the composition of chloride of sodium; 
and the credit of the generalization is generally ascribed to 
that philosopher. But it does not appear that Davy ever ex¬ 
pressed the view in precise tenxis. In objecting to the rival 
view—of the presence of acids and oxides in salts like the sul¬ 
phate of potash, and in illustrating his binary theory of certain 
other salts,—^he looked upon the former class as triple com¬ 
pounds of metalloids, metals, and oxygen. He admits, though 
with inaccurate numbers, that the atomic weight of hydrogen 
is 1, of oxygen 16, of carbon 12, and of sulphm* 16; wate beiag 
composed of two atoms of hydrogen and one of oxygen. But 
the new theory, particularly in its relation to the ftmctian of 
hydrogen in the hydrated acids, appears to have been first 
properly appreciated and folly developed by Dr. Clark in his 
early chemical lectures of 1826. It was sagaciously applied by 
him to explain the proportion of acids in salts of peroxides, 
like sulphate of alumina, and was a manifest advance upon the 
canon of Berzelius, that the oxygen of the acid is always a 
multiple of the oxygen in the base. Dr. Clark also interpreted 
the atomic theory less rigidly than most of his EngliA con- 
tempoiaries, and more in accordance with modem views. He 
allowed portions of an equivalent to be represented, as f Fe, 
the quantity of iron united with one equivalent of oxygen in the 
peroxide, which he could thus assimilate to a protoxide in oonr 
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stitution. He exercised also a fi.ee judgment in fixing the 
atomic weights of elements, and we find in his table of 1826, 
carbon made 12, and oxygen 16, in reference to hydrogen as 1. 

In an early essay shown to friends privately, but never 
printed, he established the fact that bisulphate of potash con¬ 
sists of sulphate of potassium combined with sulphate of 
hydrogen. Thence he assumed that all the acid salts are 
similarly constituted, for example, the bichromate of potash. On 
experiment, he found that this salt contained no hydrogen, and 
belonged to a class containing more than one equivalent of 
acid without the elements of water. He, consequently, lost faith 
in his theories, and shrunk from their consequences. 

In 1826, he published his papers, entitled (1.) “On the 
Pyrophosphate of Soda,” (2.) “ On the Arserdate of Soda,” and 
(3.) “On a New Phosphate of Soda.” Probably tlie most 
durable of Clark’s contributions to chemistry is the discovery 
of the pyrophosphate of soda, considermg the support given by 
that discovery to the then struggling doctrine of isomeiism, 
and the important part played by the phosphoric acids in lead¬ 
ing to the more recent ideas of polyatomicity. The establish¬ 
ment of so new and characterfetio a substance as pyrophosphate 
of soda is likely always to hold a place in chemicd history. 
Sir John Herschel in his “Introduction to the Study of 
Natural Philosophy,” pronounced this research as one of the 
most felicitouB examples of a successfiil induction. 

It was with a view to teaching chemistry in a medical school, 
and not to medical practice, that, in 1827, he entered the 
University of Grlasgow, as a medical student, and, after passing 
through tibe medical course, took the Doctor’s degree, in 1831. 
In 1829, he became apothecary to the Glasgow Infirmary. 
While in this office, he made three contributions to Pharmacy: 
(1.) On the Pharmaceutical Preparation of the Precipitated 
Carbonate of Iron; (2.) A Chemical Examination of Single¬ 
ton’s Golden Ointment, with an improved formula for pre¬ 
paring the Eed Precipitate Ointment; (3.) On a new Process 
for preparing medicinal Prussic Acid. (Glasgow Medical 
Journal, Nos. 11,12,14.) 

In 1832, he published, in the “Westminster Beview,” an 
exceedingly elaborate enquiry into the whole system of existing 
wejghta and measures. It attracted great attention, and the 
tidw of it is not yet exhausted. He had collected materials 
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for a second article, which would have probably been fell of 
curious interest, “On the Lost History of English Weights 
and Measures.” Neither this, nor another enquiry that occupied 
him for a considerable time,—on the Law of Patents—was ever 
published 

The Professorship of Chemistry in Marischal College having 
become vacant by the death of Dr. French, in October, 1833, 
Clark became a candidate for the office, which had to be filled 
up by competitive examination. The other candidates were 
Dr. Henderson, and Dr. Laing. The examiners (Dr. Thom¬ 
son, of Glasgow, the Rev. Mr. Forsyth, of Belhelvie, Pro¬ 
fessors Davidson and Skene, of Marischal College), reported 
in favour of Dr. Clark, and he was elected and admitted ac¬ 
cordingly. 

As a chemical lecturer, he had strongly marked peculiarities. 
Applying his thoroughly original and independent mind to 
chendstry, as to every thing else, he took nothing on trust 
himself; and it was Hs aim to bring before the students what¬ 
ever doubts and difficulties attended the subject, and to exhibit 
the evidence, experimental or theoretioal, for each position. 
He also paid great attention to the manner of stating and ex¬ 
pounding his science. Irmtead of commencing with the 
generalities of the atomic theory, he described in detail a few 
of the leading elements—as oxygen, hydrogen, carbon, sulphur, 
stating, as matter of fact, the proportions of each in the several 
compounds, water, carbonic add, &c., without making any 
references to the theory of combination. He next took up the 
atomic theory and expounded it minutely, showing how fer it 
was hypothetical, and how fer an expression of experimental 
tniih. Then followed the usual detail of the elements and their 
compounds, interspersed with discussionB of leading points, as 
the constitution of the salts and acids, the theory of muriatic 
acid, the theory of the prussiates, &c. He devoted occasional 
lectures to leading processes in the arts, as the manufecture of 
coal-gas. His method of describing these was carefully studied, 
but was chiefly resolvable into the practice of starting from 
known and familiar elements, and showing how they became 
transformed in the course of the operation to the more recondite 
products. Many of bis students probably remember, to this 
hour, the manufecture of sulphuric acid, as depicted by him 
from his acquaintance with the works at St. RoUoi; 
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There was what many parties considered a want of order in 
his course. He did not proceed by following out a systematic 
and exhaustive classification of the elements, as in an ordinary 
chemical text book. He rather selected important and typical 
bodies, making them the representative of general classes and 
doctrines. This was especially his way with organic chemistry, 
under which he merely adverted to a few important substances, 
neither was he systematic in dealing with the chemistry of 
drugs; a few substances that he had thoroughly mastered being 
all that he took notice of. Indeed, system was never his strong 
point; he disliked tlie empty vagueness often disguised under 
a systematic array, and preferred the minute and thorough 
investigation of single and isolated facts. The accurate deter¬ 
mination of any fact, however limited its place in a system, or 
even its utiliiy, was always to him an intense satisfaction. 

At the time of his going to Aberdeen, he had thoroughly 
investigated at least two subjects. The first of these was the 
theory of hydrometry, and the practice of hydrometer-making. 
The practical outcome was the construction of an instrument 
which at once gave, by its own readings, the true specific gravity, 
instead of requiring a calculation by a formula. 

The other subject was the deiectiou of arsenic. This he had 
studied with reference to the soda and mineral add manufao' 
tuxes, and he had found methods of detecting the slightest 
quantities of arsenic in ah the different products of these 
manufactures. At that time, an account of these methods 
would have been of the greatest value; but he never prepared 
any paper on the subject. The practical results were the 
improved methods employed in his own laboratory, for purifying 
the sulphuric and hydrochloric adds, and for testing arsenic in 
poisonings. 

His practical turn of mind, and his experience in chemical 
mauufictures, would have probably led him into extensive 
practice as a commerdal chemist, had not his Aberdeen pro¬ 
fessorship removed him to a distance from the seats of the 
great manufactures. He acted for several successive summers, 
as adviser to a chemical company in Staffordshire, but the 
business was interrupted by disputes among the proprietors. 

In 1835 was published his paper On the Application of th^ 
Hpt Blast in the Manu&cture of Cast Iron; in which he gave 
the true explanation of the benefits arising from the process* 
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He had also been occupied in malring investigations on the 
sulgeGt for the inventors. 

In 1836 appeared his letter to Mitsoherlichu *‘Ona Difficuliy 
in Isomorphisia, and on the Beceived Constitution of the 
Oxygen Saltsof vrhich no notice was ever taken by the 
Berlin chemist. Although, in this paper, he still prefers the 
new to the old ^iew of the salts, he speaks in very measured 
language, and considered that both ways must remain open to 
the choice of chemists, until some discovery be made, incon¬ 
sistent with one, and compelling the adoption of the other; 
and he thought that the subject he was then considering would 
be found to yield the desired solution. 

Clark is best known by his water tests, and bis process for 
softening bard waters. The specification of his patent for the 
softening process (October, 1841) described the three tests 
-employed—^the soap test, the add test, and the silver test. 
In a circular addressed to his “chemical friends” (1847), he 
entered into a more minute description of the tests for hardness 
and for alkalinity, but was embarrassed by the discordance of 
his own experiments to fix the degrees of hardness correspond¬ 
ing to the soap test measures. Hedidnotget over the difficulty, 
until, in June, 1849, when%.ehad to report to the General Board 
of Health, on certain specimens of water proposed to be supplied 
to the town of Birmingham. He then found that the action of 
magnesia on the soap test was peculiar. At a certain degree 
of dilution, its hardening effect is partially disguised, or latent, 
and is brought out only after further dilution. In one of the 
Birmingham specimens, the actual hardness of the water was 
8'S“, while dilution brought out a farther hardness of 
This result suggested to him the true cause of the irregularity 
of his table of soap-test measures, namely, the presence of a 
small quantity of magnesia in the ordinary chalk waters. On 
preparing artificially a solution of carbonate of lime, he found 
that the correspondence of the degrees of hardness and the 
soap-test measures was exact and numerical throughout. 

The softening process has been hitherto dedined by the 
London companies, although in the invention, he had chiefly 
in view the water supplied by them. It was first applied at 
Plumstead, Woolwich; next at Castle Howard, the seat of the 
Earl of Carlisle; then, at Caterham, Surrey; and recently at the 
Ohiltem Hflls, in all cases with perfect success. Our colleagues. 
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Professors Grahain, Miller, and Hofinann in reporting in 1851, 
to the Government, as to “the chemical quality of the waters 
supplied, and proposed to be supplied to iie Metropolis,” 
remarked with reference to the process, “it is no longer 
possible to disregard the chemical means of removing hardness, 
or to represent them as impracticable on a great scale; they 
place the question of water supply upon an entirely new 
footing.*^ 

At the beginnmg of the session 1843-4, the question of the 
abolition of University Tests was taken up by the Senatus of 
Marischal College, in a senes of resolntions moved by Dr. Clark. 
In the preparing and correcting of these resolutions he spent, 
as usual, enormous labour, and was very much excited by the 
subject. In the course of that session he became seriously iU 
of disease in the brain, which interrupted his lecturing; and he 
never again was able for the work of his class. For several 
years he was wholly absent from Abeideen, and resided in his 
mother’s house, first at Glasgow, and afterwards at Rothesay. 
So obstinate was the derangement, that his life was a constant 
series of headaches, and his days were often spent in bed. In 
the beg innin g of 1848, after fonr years of such disablement, 
he was induced to try a course of the hydropathic treatment, 
then coming into notice, and obtained a degree of benefit not 
amounting to a radical cure, but changing entirely his whole 
course of life. His headaches became rare; he was no longer 
obliged to be in bed in the day-time; he took regnlar exercise, 
and was fit for consecutive study. In 1849 he married, and 
in the same year resumed his reridence in Aberdeen. He 
had hopes of being able to teach his class again, but found 
that Lis strength, though improved, was unequal to unbroken 
taskwork; and he made himself useful to the College in the 
struggles that ended in the union of the Aberdeen Universities 
in 1860, which led to his being superannuated. 

In all the discussions connected with medical education he 
always took a leading part. He was the chief promoter of the 
scheme of examinations pursued at Marischal College, which 
was a great advance in strictness and severity. He was de¬ 
puted by the Senatus to watqh over the medical Bills intro¬ 
duced in 1844 and 1845, and spent many weeks in London on 
ihat object. 

ffis earliest pubHcation connected with universitiy reform was 
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a pampUet (in 1833) entitled “ Reform in the University of 
Glasgow,” contaming a complete nniversity constitution, with a 
new governing body, somewhat akin to the recently constituted 
university courts in the Scotch universities. There is also a 
minute examination of Mr. Oswald’s Bill for the University of 
Glasgow. 

The question of the union of the Aberdeen universities had 
been agitated at various times, and was brought up, soon after 
Dr. Clark’s appointment, by Mr. Bannerman’s Bill, and again by 
the Royal Commission of 1836. Dr. Clark studied the whole 
subject carefully, and his letter to the Commission is a very 
able document, which may, one day, be looked back to with 
interest. 

A pamphlet appeared in January, 1850, challenging the right 
of Marischal College to grant degrees in divinity, law, or medi¬ 
cine, and the official circular of King’s College for 1851, contained 
a sentence implying the same want of authority on the part of 
Marischal College. This was the occasion of a pamphlet by 
Dr, Clark, in which he argued the question from a decision of 
the House of Lords, under Lord Chancellor Hardwicke^ in 
1745. His reasoning was forcible and conclusive, and was 
couched in bis peculiar stjle of elaborate and studied statement. 
Both language and typography had their powers tasked to the 
utmost to give explicitness and force to the arguments. 

The introduction of the Scotch Universities’ Bill of Lord 
Advocate Inglis necessarily involved discussions and negotia¬ 
tions in the several universities. The Bill contained clauses for 
uniting the two separate Aberdeen universities—^King’s College 
and Marischal College—into ono university. Dr. Clark took 
part in opposing the union, and was the author of numerous 
memorials and s^tements with reference to it. His opposition 
turned upon the very strong views entertained by him as to the 
effective teaching of the classes. It was the distinction of the 
Aberdeen Colleges to possess classes of manageable dimensionB, 
with thorough exauaination and discipline, and he was strongly 
apprehensive that this advantage must cease with the fusion. 

When Mr. John Stuart Mill became Lord Rector of the 
University of St. Andrews, he chose for assessor Dr. Clark, 
being intimately and personally acquainted with his general 
ability, as well as his great aptitude and experience in umversiiy 
matters. 
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Clark was, throughoTit IHe, an ardent politician of the liberal 
school, and formed decided opinions on aU passing public 
meastires. He was a frequent contributor of leading articles to 
the journals, and on those occasions wrote with rapidity, and 
with no small pungency of manner, as well as pertinency in the 
matter. In aU the various controversies that he found himself 
involved in, he made free use of the editorial pen in support of 
his side. 

A much more extended notice would be necessary to give an 
adequate impression of Clarkes various labours and many sided¬ 
ness. His industry between the ages of twenty and forty must 
have been enormous. His intellectual faculties belonged to the 
highest class. His strongest feature may be expressed by 
sagacity, and his delight was to attain his ends by the simplest 
and often the seemingly most unlikely means. He had essen¬ 
tially a practical mind; his originality and his sagacity took 
the direction of practical suggestions. His love of minute 
accuracy, so valuable in itself was carried to a pitch of ex¬ 
travagance, which was perhaps his chief foible, as an investi¬ 
gator. He never knew when to have done refining and im¬ 
proving : hence the unfinished state of so many of his inquilies. 
His attention to style was an additional source of embarrass¬ 
ment and delay, when he had any work to publish. 

The energy and vehemence of aU his determinations made 
him urgent and imperious; and, while increasing his sway over 
oihers, often excited no small hostility and d^Hke. He wue 
furious in his onslaught when roused by oppoitition, yet he could 
also control himself and employ ah the resources of his cultivated 
expression in suavity, courtesy, and conciliation. His loves 
and his hates were alike on a large scale, but bis amiable side 
greatly preponderated. His generosity and sympathy were 
manifested both in public spirit and in private benefits. He 
was looked up to and beloved by the whole circle of his inti¬ 
mate friends. 

His death was somewhat sudden. On the morning of the 
27th November last he was unable to get up as usual. He 
soon became insensible, and expired at two o’clock the same 
day. 

Has last years were made sorrowful, and his wide Vs grief is 
3QOW deepened, through the loss of an amiable and gifted boy, 
tifew only GfaQ^ 
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The name of Walter Crum occupies a high rank among 
those cultivators of science of whom England is justly proud; 
men actively engaged in arduous business or professional pur¬ 
suits sufficient to engross the inteflectual energy of the most 
industrious, who nevertheless find leisure to contribute mate¬ 
rially to the stock of human knowledge. Mr. Walter Crum, 
who died on the 6th of May, 1867, was bom in Glasgow in 
1796, and educated in that city. In 1818 and 1819 he was a 
distinguished student of practical chemistry under the late 
Dr. Thomas Thomson, and firom this period devoted much 
time and energy to the cultivation of science. For upwards of 
forty years he book a leading pairt in the improvement of calico 
printing, by the application of chemical discoveries, and has 
been long recognized as the scientifio head of that interesting 
art in this country. Mr. Crum, indeed, gained for the house of 
which he was the principal, a place in the firont rank, not only 
for the exceUence of its products, but also for the high character 
of its transactions. In February, 1823, Mr, Walter Crum 
communicated to the Annals of Philosophy his first and well- 
known paper, entitled ‘‘Experiments and Observations on 
Indigo, and on certain Substances which are produced from it 
by means of Sulphuric Acid.^ This paper is remarkable for a 
facilily in expedients and for accuracy in analysis; it not only 
gained for him a European reputation, but will remain an 
enduring monument to his iGstme as one of the early pioneers in 
accurate organic research. 

Among the diemical discoveries of Mr. Walter Crnm may 
be noted the formation of a new oxide of copper, analogous in 
composition to peroxide of iron. The paper containing an 
account of this substance was published in the Mem. of the 
Chem. Soo., vol. ii, p. 387. In the Journal of the Chem. Soc. 
for 1854 he described an isomeric variety of alumina which is 
incapable of combining with colouring matter. La an early 
investigation of guib-cotton he described a method for deter¬ 
mining nitrogen, lately revived in the analysis of potable 
waters. Mr. Crum showed that a large class of colouring 
matters are fixed in cotton by the passage of their constituents, 
while in a soluble state, into the cavity of the fibre, and their 
subsequent predpitation therein as a solid pigment; as in Ihe 
cas6 of dyeing with acetate of lead and chromate of potash. 
Almost the last communication of Mr. Crum's was a short 
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memoir on the stalactitic sulphate of baryta found in Derby¬ 
shire. 

Mr. Crum Tvill hereafter be remembered as one of those who 
have mainly contributed to establish dyeing and calico piintiug 
on a secm-e scientific basis. He was most highly rcbpocietl in 
the scientific chcles of his native city, and by all those who had 
business or social relations with him; and it has been said of 
him ‘-that he has not left behind him one enemy.” 

Dr. Charles Giles Bridle Daubeny was born February 11, 
1793, at Stratton, in Gloucesterslirre; third son of the Rev. Jas. 
Daubeny. He entered Winchebter School in 1808, and was 
elected to a demyship in Magdalen College, Oxford, in 1810- 
In 1814, at the age of nineteen, he took the degree of BA. in 
the second class. In 1815 he won the Chancellor’s Prize for 
the Latin 6ssay. Destined for the profession of medicine, he 
proceeded to London and Edinburgh as a medical student 
(1815-18). Although ho subsequently took the title of M.D. 
at Oxford, and became a Fellow of the College of Physicitvns, 
his career as a medical man was very brief. He, however, 
throughout his life took a lively interest in the progre$s 
medical science, and in 1845 deKvored the Harveian Oration 
before the College of Physicians; for a short time he was 
attached to the Eadcliffe Infirmary. 

While a medical student in Edinburgh, the lectures of Pro¬ 
fessor Jameson on geology and mineralogy attracted his 
earnest attention, and strengthened a desire for the cultivation 
of natural science, which had been awakened by the teaebing 
of Dr. Kidd at Oxfor<l, In Dr. Kidd’s dass room under the 
Ashmolean Museum the future historian of volcanoes had fi*e- 
quently met Buckland and the Conybeares, Whately and 
the Duncans,'men of vigorous minds and various knowledge. 
At that time Daubeny entered keenly into the discussion then 
going on with great animation between the Plutonists and 
Neptunists; and after quitting the University of Edinburgh, 
proceeded, in 1819, on a leisurely tour through France, every¬ 
where collecting evidence on the geological and cliemical 
history of the globe, and sent to Professor Jameson, from 
Auvergne, the earliest notices which appeared in England of 
tibwat Remarkable volcanic region. From tho^beginnhig to the 
of his sdenlMc oareer, volcanic phenomena occupied the 
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attention of Dr. Daubeny, and by frequent journeys through 
France, Italy, Sicily, Germany, Hungary, and Transylvania, he 
had extended his knowledge of that subject, and laid the foun¬ 
dation for his great work on volcanoes, which appeared in 1826. 
This work contains careful descriptions of all regions affected 
by igneous eruptions, and a chemical hypothesis of the cause 
of the thermic disturbance, namely, water coming into contact 
with the metallic bases of the earths and alkalis below the crust 
of the earth. In later years Dr. Daubeny fireely accepted, as 
at least very probable, a higher interior temperature of the 
earth, but was unwilling to allow that the admission of water 
to a heated interior oxidized mass would account for the 
chemical effects which accompany and follow an eruption. 

Four years previously to the publication of his Description 
of Volcanoes,” Dr. Daubeny succeeded Dr. Kidd as Aldricbian 
Professor of Chemistry, and took up his abode under the Museum 
founded by Ashmole. 

Professor Phillips remarks, in his obituary notice of 
Dr. Daubeny, of which this account is mainly an epitome, 
**I well remember the zealous activity vdtix which Dr. Dau¬ 
beny entered into all investigations which had a hearing on 
the principal subject of his thoughts. Mineral waters, as indi¬ 
cations of chemical processes going on below the surface of 
various countries, attracted his earnest attention. He carried 
about a considerable apparatus for examining these waters in 
their freshest attiinable state, and would busy himself for days 
in evaporating and analysing on a large scale. Thus he worked 
in his quaiiiers at one of the hotels in York, just as if he were in 
his own laboratory at home. By his busy scrutiny of watesrs 
in the volcanic country of Central France and the South 
of Italy, he provoked the suspicious * credulity of the natives, 
who thought he was poisooiing their springs, and endangered 
his personal safety.” 

Dr. Daubeny was extremely, possibly too methodical in his 
chemical teaching. Eveiy lecture had its specific apparatijs 
duly arranged, which was put away carefiilly into a comparfr 
ment duly allotted to it after the lecture was delivered, so as 
to be ready when this part of the course came round again. His 
biographei- says of him, that ‘‘•he was not a dexterous manipur 
lator of chemical, instruments, though a diligent practical 
analyst.” His knowledge of chemistry was considerable and 
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varied. la 1831 appeared Lis “ Sketch of the Atomic Theory 
Hir other published writings are very numerous; many are 
scattered Ihrough various periodicals, but the foUowing is a 
list of works which contain the principal results of Dr. Dau- 
beny^s scientific and literary labours:— 

1. “ Description of Active and Extinct Volcanoes.” 8vo., 
London, 1826. Second edition, 1848. Several supple¬ 
ments. 

2. ‘‘Tabular View of Volcanic Phenomena.” Fol., thick, 
1828. 

3. “Notes of a Tour in North America” (privately printed). 
8vo., 1838. 

4. “ Introduction to the Atomic Theory.” Svo., 1852. 

5- “Lectures on Roman Husbandry.” 8vo., 1857. 

6. “ Lectures on Cliiriate.” 8vo., 1863. 

7. “ Trees and Shrubs of the Ancients.” 8vo., 1865. 

8. “ Miscellanies on Scientific and Literary Subjects.” Two 
vols., 8vo., 1867. 

Those who desire to know Dr. Daubeny’s views on the 
various subjects which engaged his attention, will find them 
fully set forth in these works. The last on the list was pub¬ 
lished only a very short time before his death. 

So soon as the arrangements were made for the location of 
chemistry in its new abode. Dr. Daubeny resided the chair 
of chemistry, and used all his influence to increase the effidenoy 
of the office, and secure the services of the present eminent 
Professor. 

Dr. Danbeny was not only Professor of Chemistry, but also 
occupied the Chair of Botany, to which he was appointed in 
1834. He then migrated to the “Physic Garden,” which had 
been founded in the early part of the reign of Charles I. (1621- 
1632), by Henry Lord Danvers, afterwards created Earl of 
Danby- Here he instituted many experiments on vegetation, 
under different conditions of soil; on the effect of light on plants; 
on the distribution of potash and phosphates in leaves and finits; 
on the conservability of seeds; on the ozonic element in the atmo¬ 
sphere, and the effect of varied proportions of carbonic acid on 
plants analogous to those of the coal-measures. Several of his 
researches in these matters formed the subjects of communioar 
tfiods made to the Ghemicai Sodety. Although during a long 
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and active career. Dr. Daubeny’s studies were extensive and 
varied, chemistry was the thread which bound together all his 
researches. 

Professor Phillips says of him that ‘‘in his whole career 
Dr. Daubeny was full of that practical public spiidt^h^h 
delights in co-operation, and feeds upon the hope of ben^ting 
humanity by the associations of men. The same earnest sj^it 
was manifested in all his academic life. No project of change, 
no scheme of improvement in University Examinations, no*' 
modification in the system of his own college, ever found him 
indifferent, prejudiced, or unprepared. On almost every such 
question his opinion was formed with rare impartiality, and 
expressed with as rare intrepidity. Firm and gentle, prudent 
€tnd generous, cheerftil and sympathetic, pursuing no private 
ends, calm amid jarring creeds and contending parries—^the 
personal influence of such a man on his contemporaries for half 
a century of active and thoughtful life fully matched the effect 
of his publidied works.” 

In 1856 he became President of the British Association, at 
Cheltenham, in his native county, amidst numerous fidends, who 
caused a medal to be struck in his honour, the only occurrence of 
this kind in the annals of the Association. 

Dr. Daubeny died after a few weeks’ severe illness, which 
he endured patiently, on December 13th, 1867, in his 73rd year. 

Among our many losses, we have to deplore the removal by 
death of one of the greatest and most noble of men, whose 
genius has enriched science, and contributed to the well-being 
and advancement of civilized man. Michael Faraday was so 
prolific and original, not only in chemical science, which more 
especially concerns us, but also in physical soience, that it would 
be quite impossible within the scope of this notice to give such 
an account of his discoveries, as would do justice to his 
memory; for, without question, he was the greatest experi¬ 
mental philosopher that has ever lived. Fortunately, pens 
much more eloquent than that of the writer of this notice have 
already placed before the world an account of the loan and 
of his works; but even the vivid portraiture of a De la Eive 
and a Tyndall fidl to present such a picture of Faraday, as 
is reverently cherished in the memories of those who had the 
advantage of his personal acquaintance, and listened to him 
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as a teacher. Few men have ever taken so much pains as 
Faraday did to icQj)rove great natural endowment, and to 
train an impulsive though kindly spirit to a habitual venera¬ 
tion of all that is tnithful, good and pure; there never existed 
a more unselfish encourager of contemporaries, or a more Idiidly 
adviser of the youthful aspirant in science. The charm of un¬ 
folding the hidden laws of Nature so entirely engrossed him, 
that he invariably declined the tempting sources of gain con¬ 
tinually brought within his easy reach. If Faraday had so 
desired it, he might have accumulated great wealth. In all 
the relations of life, Faraday was respected and beloved; he 
was very fond of children, entering into thoir sports most 
keenly, and aiding them with his knowledge and resources; 
nothing ever gave him more siacere pleasure than to lecture 
to the young. He had the highest sense of justice, was 
possessed of great firmness, and although ever ready to 
consider with tenderness any palliation of a fault, he never 
allowed wrong to be done without reproof; he was consequently 
always weU served. His sense of justice was so keen, that 
a casual wrong witnessed in the streets, would rouse his indig¬ 
nation, and elicit Ms active interference on the side of the 
offended. He was eminently charitable, and discrimuiating in 
his aid. 

Michael Faraday was bom September 22, 1791, at New¬ 
ington Butts, Surrey. His father James was a whitesmith of 
Gapham Wood HaH, Yorkshire. After receiving an olem^utary 
education, Michael was apprmticed in 1804 to Mr. Riebau, a 
bookseller and bookbinder in Blandford Street, Maiyleboue, 
and thereby, not only came in contact with the means of 
gratifying his thirst for knowledge, by books, but gained the 
acquaintance of Mr- Dance, a Member of the Royal Institution, 
who enabled him to hear several of Sir Humphry Davy’s 
last lectures in that establishment. The notes which Faraday 
made of these lectures, he submitted to Sir Humphry, with 
an application for any employment connected with science, and 
in March, 1813, Faraday entered the service of the Royal 
Institation as assistant in the laboratory, of winch he eventually 
became the director. In Octob^, 1813, he resigned his situa¬ 
tion in order to accompany Davy in a tour through France, 
Hwi^sserlsuid, and Italy, during which they met with the most 
pM of Sturope, and already Far aday attracted 
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thoir notice, and laid the foundation of enduring friendships, 
IIo was re-engaged at the Eoyal Institution on his return to 
England in 1^15; and tlien he commenced those researches, * 
iwhich are the hiht<»ry of his KtV*, mitten hy himself in the four 
volumes of his “ Experimental Eescai*ches/’ On June 12,1821, 
he married Mi^s S a\ih JBainaid, the daughter of Mr. Edward 
Barnard, a silversmith, who survives him. The union was 
eminently a happy one. 

While young, he gave several lectures on science at the 
room of the Qty PInlo*opI*ic il Suckty in Dorset feSirtet, Fleet 
Street; but it was n d till Fe]»mary J, lS2l>, at tlie first of the 
celebrated Friday evening meetings, that he lectured at the 
Royal Insiitution—^Iiis subject K-ing Caoutchouc, abundantly 
illustrated by specimens in the raw and manufactoed states, 
fm*nished by the late Mr. Thomas Hancock. Ilis comses of 
lectures at the Institution commenced with one in April, 1827, 
on Chemical Philosophy, and terminated with a Christmas course 
on the Chemical History of a Candle, at the dose of I860. 

As a lecturer, he was long regarded asin regard 
to his manner, matter, and successful experimental illustra¬ 
tions. His last Friday evening discourse, on gas fiimaces, 
was delivered on June 20, 1862, when his enthusiasm resembled 
the brilliant flash fi:om an expiring fire. As he became aware 
of his gradually failing mental and bodily powers, he gracefully 
withdrew fi’om duties which he desired to fulfil only in the 
very highest maimer; and on Aujjpist 25th, 1867, he peace¬ 
fully closed a laborious life at Hampton C(>m*t Green, in a house 
which had been granted to him by the Queen in 1858, and 
which had been a source of mudx j)]oasure to him in the 
summers of his later years. He was interred at Highgate 
Cemetery on the Friday following, in a most unostentatiouB 
manner, in conformity with his expressed desire. 

Faraday*s merits as nn investiejator in science were early 
recognized abroad and at home. In 1823 he was elected Cor¬ 
responding Member of the Academy of Sciences at Paris, and 
in 1844 one of the eight Foreign Associates. He was elected 
F.R.S. in 1824, and in after years successively received the 
Copley, Rumford, and Royal Medals, awarded by the Society. 
He was nominated D.C.L. by the University of Oxford, in 1832, 
at the same time as Brewster, Dalton, and Robert BroTi^nj 
and, in course of time, was elected a member of all the great 
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sdentiflc bodies in Etucope and America. In 1833 hoiYas nomi¬ 
nated the First FuUerian Professor of Chemistry in the Eoyal 
Institution, by John Fuller, Esq., no lectures being required 
from him ; and he held the Professorship of Chemistry at the 
Eoyal Militaiy Academy, Woolmch, from 1829 to 1853. His 
first paper, printed by the Eoyal Society (On Two New Com¬ 
pounds of Chlorine and Carbon), was read in December, 1820. 
In 1829 he gave his Bakerian Lecture, on the Manufacture of 
Glass for Optical Purposes; in 1831 he published his Discovery 
of Magneto-Electricity; in 1833, the Great Law of Electro¬ 
chemical Decomposition; in 1845, the Discovery of the Magneti¬ 
sation of Light, Dia-magnetism, and the Magnetic Condition of 
all Matter; in 1847, the Magnetism of Flame and Gases; in 
1848, the Magneto-crystallisation of Bismuth; in 1850, Ee- 
searches in Atmospheric Magnetism. 

Among Faraday’s most remarkable chemical dSscoveries 
were the condensation of chlorine and other gases, in 1823; 
and the production of some new compounds of hydrogen and 
carbon, including benzol, since so important as the start point 
of the aniKne colouring matters. His first printed paper appeared 
in the Quarterly Journal of Science, in 1816; it is an account 
of his Analyses of native caustic line in the water of ancient 
baths in Tuscany. 

Faraday had naturally a great love of literature; especially 
of fiction and the drama. In early life he acquired some know¬ 
ledge of Latin and of several modem languages; and he was 
well read in the great English classics, Spenser, Shakspeare, 
and Milton. 

Many have specnlated on the advantages which Faraday 
might have derived from a mathematical training; but 
Dr. Whewell appreciated him correctly when he said that 
he was a •mtwral mathematician. 

Although Faraday was not one of the founders of the 
Chemical Society, he joined it the year after its formation, and 
always express^ a great interest in its development and wel- 
£kre. 

^ William Herapath was the son of a maltsierin St. Philips, 
Bristol, and succeeded to his fother’s husiness. He studied 
ehe|mtzy at first in connection with the trade in which he was 
and, eventually as the profession of his life. It was 
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as a toxicologist that he was principally known to the public, 
but throughout the west of England he was constantly referred 
to as the leading analytical and consulting chemist. Prom time 
•to time he ecfntributed several papers, chiefly on toxicological 
subjects, to the medical and sdentiSc journals, and his opinions 
and e35>eiience as a toxicologist are frequently quoted in works 
on medical jurisprudence. The first important medico-legal 
case in which he was engaged was that of Ifrs. Burdock, tried 
in 1835 at Bristol for poisoning Mrs. Smith with arsenic, when 
his evidence attracted considerable attention, and was much 
appreciated. More recently he was one of the principal 
witnesses for the defence of the celebrated William Palmer, 
tried in 1856 at London for poisoning John Parsons Cook 
with strychnia. He was one of the founders of the Bristol 
medical school in 1828, and its fihst lecturer on chemistry and 
toxicology, a position which he held to the last- He was also 
one of the original members of the Chemical Society. In early 
life he took a veory active part in the politics of his native town, 
and was a leader of the extreme liberal party. He fulfiUedl 
several municipal appointments, and at the period of his death 
was the senior magistrate of the city. For some years past he 
bad siiflered from diabetes; but till a few days previous to his 
death he persevered in his professional pursuits, and exhibited 
bis usual activity and readiness- Mr. Herapath died on the 
13th of April at his residence, the Manor House, Old Park^ 
Bristol, in the 73rd year of his age. 

Jules Th4ophile Pelouze was horn at Yalognes {in the 
department of Manche) m Prance, on the 26th Pehraary, 1807* 
In coimxxencaxig life he had little else to rely upon than the 
advantages of a solid education, an active and intelligent mind, 
and great energy of character- His fether was a native of 
Saint Lucia, in the Island of Martinique; during the wars he 
was taken prisoner by the English. He turned to account the 
knowledge of English acquired during his captivity, by teaching 
that language, and became successively a manufecturer of por¬ 
celain, a director of works in the plate glass manufitctory of 
Saint Gobain, subsequently the director of several iron works, 
amongst others the well-known works of Oreusoi; but in spite 
of all his energy and varied knowledge, he never accumulated 
any fortune; his son Jules derived no inheritance from hi™, bat 
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had to rely solely upon his own force of character to make his 
career. His start in life was anything but encouraging, indeed 
he had for sumo time to endure the hardships of penury. 

M. Pelouzo first turned his attention to pharmacy, and was 
for eighteen months a student at La Fere. Li 1^25 he went to 
Paris, hoping there to find greater scope for his activity. He 
in the first instance engaged himself to M. Chevalier, a member 
of the Academy of Medicine; but a year later he was received 
as house-pupil in phaimacy of the Hospital de la Salpetiiire. 
Notwithstanding the duties of liis office, he directed his attention 
to pure chemistry, and in order to gratify his desire to follow 
this science, he gave up the emoluments of liis appointment and 
entered the laboratory of M. Wilson, which was under the 
direction of MM. Gay Lussac and Lassaigne. Prom tliis 
moment his chemical studies entirely engrossed his mind, and 
became the sole object of his life. His enthusiasm gained for 
him the fiiendohip of his master, Gay Lussac, and fidendship 
became a strong affection which bound together those sympar- 
thetic natures. In his tumPelouze did for many a young 
aspirant what Gay Lussac had done for him^ and it would bo 
difficult to name any one who contribuiedmore thanM. Pelouze 
to the advancement of those who were worthy of such aid. 
When Pelouze first became an assistant to Guy Lussac, he 
slept in a garret in the Rue Gopeau, but he lived really in the 
laboratory, where a piece of bread and a glass of water were 
his frequent repasts. In the pursuit of his favourite science, 
however, he felt,more than compensated for lack of worldly 
comforts. In order that he might add to his resources, G ay 
Lussac suggested that he should give lessons; hut he re¬ 
fused, because he was disinclined to lose any opportunity of 
acquiring knowledg'e. 

In 1830, the municipality of Lille created a chair of ohomistiy 
to which Kuhlmann was appointed titular Professor, and 
Pelouze was chosen associate Professor. Prom tlxis period 
Pelouze's name began to be known; he turned his attention 
to the perfecting of the processes for extracting sugar from 
beetroot, and he showed that beetroot contains 10 per cent, of 
its weight of ay»talKsable sugar, in eveiy way identical with 
cajie sugar. He proved by his researches, tliat the alleged in¬ 
feriority of beetroot sugar to cane sugar was solely attributable 
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to defects of manufacture, or to the cultivation of tlie beetroot 
not being understood. 

On liis return to Paris, in 18S2, he became a candidate for 
the office of Assayer to the ]Uint of Paris, and entered into a 
competitive examination, in which he was so eminently suc¬ 
cessful, that 11. Thenard, the president of the jury appointed 
to examine the candidates, passed the highest eulugium on bim, 
concluding his report in the following words:—If yon appoint 
him to the place, of which he has proved liimself publicly so 
highly deserving, he will far exceed all youi* most sanguine ex¬ 
pectations of the services to be desired from a public officer.*’ 

Pelouze was at this period tAventy-five, and he had already 
made a name by important works. He was unanimously ap¬ 
pointed a tutor in chemistry and Deputy Professor to assist 
Gay Lussac in the Ecolc Polyteclmiq^ue. His numerous pub¬ 
lished papers from this time pLiced liim in the fi*ont rank of 
chemists. About this period he travelled in Germany, and 
entered into scientific relations with Liebig, of whom he had 
been the co-disciple, and had not ceased to be the friend; several 
discoveries resulted from this alKance, one of the most remark¬ 
able being that of CEnanthic Ether. 

In the month of June, 1837, M. Pelouze was elected a 
member of the Academy of Sciences in the place of M. D ey eux, 
deceased. At the same time he was deputy to Thenard in 
the College of France, and at a later period he succeeded to the 
Chair. 

M. Dumas, in his ftineral oration on the occasion of the in¬ 
terment of M. Pelouze, speaks in terms of the warmest eulogy 
of his lectures at the Ecolo Polytechnique, and at the Collfege 
de Franco. Ho characterises them as remarkaWe for their cor¬ 
rectness of method, and for their measured and quiet style of 
delivery, which, however, became heightened and impassioned 
when the importance of a new product, a new experiment, or 
the description of a discovery emanating from one of the nu- 
merons laboratories of Europe, drew forth liis eloquence. 

It is not possible here to give an account of the very nume- 
rons published memoirs of M. Pelouze. Besides those printed 
in the Comptes Rendus, are several contributions to the Dic¬ 
tionary of Tjllllffinology, the Annales de diimie et de Physique, 
La Revue des deux Mondes, &c. But, besides these published 
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papers, it must not be forgotten that his -unpublished correspon¬ 
dence contributed greatly to the advancement of practical 
chemistry. Pelouze was one of -the earliest and principal con¬ 
tributors to organic chemistry. 

Besides cenan-fchic ether, of which mention has been just 
made, may be cited his researches on butyric acid and ber- 
hirine. la 1867, he published a memoir on glycerin. His 
researches on woody fibre or cellulose, led to the discovery of 
nitroxylose, the prototype of gun-cotton, and nitro-compounds 
in general. Pelouze has given a process for the extraction of 
tannic add from leather. In connection with M. Cahours, he 
made a chemical examination of the American petroleum; he 
has given several processes for obtaining pure chemicals, notably 
pure sulphuric acid, on a large scale. He is the author of many 
analytic methods, held in high repute; for example, the assay 
of nitre by means of protochloride of iron, the determination 
of copper by means of a standard solution of sulphide of 
sodium. He determined the quantity of iron in blood (about 
•Y^j^^ths); and jewellers hold in high estimation a sort of 
green aventurine with a base of chromium, which he discovered. 

Pelouze made an exhaustive study of the composition of 
glass, and has explained the phenomenon of devitrification by the 
presence of an excess of silica. During the latter years of his 
life he studied the action of the solar rays in producing the 
coloration of glass, with the object of explaixfing the cause 
which he succeeded in discovering. These investigations were 
made with the glass of St. Gobain, to which establishment 
Pelouze was consulting chemist, and were the source of 
important benefit to its manu&cture. 

The work written conjointly by himself and his former pupil, 
M. Fremy, the ** Traits de Chimie G4nerale, analytique, indus- 
trielle et agricole,” which has passed through three editions, 
will ever remain a monument to his memory. 

In 1848, Pelouze founded a laboratory, where were educated 
several distinguished chemists. One of them, M. Premy, says 
of him; “Who has known so well as he how to join to the 
lustre of a high and legitimately acquired scientific position, 
such amenity of character, or such thorough goo^oss of 
heart? One could scarody make his acquaintlilice without 
loving him.” 

In 1848, Arago, who had the highest feeling of friendship for 
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Pelouze, proposed him as President of the “Commission des 
Monnaies et M4ddiUes” to succeed M. Persil. In this new and 
important position he evinced all those high qnaKties which 
characterize an administrator. The most important monetary 
operations have been accomplished during his presidency. He 
carried out with great ability the recoining of the silver and 
copper money. Latterly, with M. de Parien, he represented 
France in the monetary convention settled between France, 
Italy, Belgium, and Switzerland. 

Although Pelouze did not run after honours or fortune, it 
may be said that they came to him as the natural recom¬ 
pense of merit and earnest work. In 1838, he was nominated 
Chevalier de la Legion d’Honneur, Offider in 1850, and Com- 
mandeur in 1854. Moreover, he had received decorations from 
most countries of Europe, and was a member of nearly all the 
sdentific sodeties. 

Since 1849 M. Pelouze was a member of the Munidpal 
Council of the town of Paris; during his connection with that 
body, he was very influential in doing much for the sanitary 
condition of the great metropolis of Europe; and, leaving to 
his colleagues the charge of the embellishment of the dty, he 
devoted his great knowledge to those important questions on 
which the health and comfort of its inhabitants depend. He 
was untiring in searching out the causes of insalubrity or 
discomfort, and in finding means for removing them. 

Pelouze owed his high sdentific position entirely to his 
great energy of character, his rectitude and unswerving reli- 
anco on the value of experimental research; he was willing to 
leave to others the development of theory. He died in June, 
1867, after more than forty years’ devotion to chemistiy, and 
was buried with great honours. M. Dumas on that occasion 
delivered a fimeral oration, full of eloquence, and characterized 
by much feeling and a just appredation of the man. 

John Tennent, one of the original Fellows of this Sodety, 
was bom at Well Park, in Glasgow, in the year 1813. He was 
educated at the Grammar School of that dty. At an early age 
he was employed at the silk factory of the Messrs. Pollack, at 
Govan; and while thus engaged, devoted the whole of his 
leisure time to the cultivation of physical and chemical sdence. 
Leaving the factory about the year 1833, he entered the labora- 
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tory of Dr. llacconochie, in Glasgow, with a view to the more 
system itie fetncly of chemistry, &c.; and afterwards pnrsnod 
the same course of study in Coflege laboratory, where he 
acted as a^&ibtant to Dr. Thomas Thomson. 

In the year 1S37 Mr. Tennent became acquainted with 
Mr. Charles Macintosh, and was employed by him in experi¬ 
menting upon the artificidl production of nltramaiiiie, and also 
at the Cudbear Works at Dnnchattan. In the autumn of this 
year he accepted the pr<»posal of Mi*. Macintosh to go to the 
Mamitius and Madagiscar in search of supeiior quaUtios of 
lichen for the Cudbear manufacture. Sailing from Liverpool 
in October, he suffered shipwreck on the coast of Ireland, and 
returned to Glasgow, with loss of everything but life. In 
December he again started from London, and was absent about 
eighteen months, visiting and exploring the accessible parts of 
the Mauritius, Madagiscar, Bourbon, and the Cape. He suc¬ 
ceeded, with much diflSculty, in collecting numerous specimens 
of lichens, gmns, india-nibber, and other milky juices; amongst 
these latter, gutta-perch*!, unknown before that time as an 
article of commerce, and only applied to useful purposes 
several years later. Mr. Tennent sent home considerable 
quantities of several of these products, accompanied by analyses 
and descrii>tions of practical trials of their commercial value: 
but owing to the high price of lalmur in some of these colonies, 
and the impossibility in others of getting the recently emtmoi- 
pated natives to work, the main object of the expedition was 
frustrated, and did not prove commercially successfiil. 

On Ml*. Tenuent’s return to Scotland in 18B9, he became 
practickil manager of the Alum and Prussiate of Potash Works 
belonging to Mr. Macintosh, at Campsie, where he i*emaincd 
until the yeai* 1845. 

In that year ho undertook the management of tlie Cluome 
works, belonging to Mi^ssrs. J. and J. White, at Sha^vfield, 
but remained there only about one year. Bi 1847 Mr. Ten¬ 
nent entered into a partnership with Mr, John Tennant, of 
St Bollox, to work, at Bennington, the gas-ttu* and ammoniacal 
liquor produced at the Edinburgh and the Edinburgh and Loith 
gasrworks, and personally superintended these works till the 
year 1853, when he was requested to join the firm, and taic 
the active mcmagement of the large bleaching powder and 
alkali works of Messrs. Charles Tennant and Co. at St. 



PROCaBaSDINGS OF THE CHEMEOAIi SOCIETT. 


XXXI 


Eollox, Glasgow. This he did till the date of Lis death, 
planning and supeiintending the large branch work erected 
by Messrs. Tennant and Co. in the year 1863, at Hebbum on 
the Tyne. 

Mr, Tennent has left no published records of his skill as a 
chemist. His field lay in the application of chemical and 
physical science to the maniifiicture of the most largely used 
diemical products, in the purest mercantile form, and upon the 
largest practicable scale; and in this field, and with a wider 
scojje than it falls to the lot of most men to encounter, he was 
eminently successful. The object of his ambition was to have 
the largest chemical work under his control, and he obtained it. 

During the last twenty ye^irs of his life Mr. Tennent 
suffered constantly and mobt severely firom chronic rheuma¬ 
tism, which painfully racked and crippled his body, but ap¬ 
peared to have no influence upon his mind, which retained its 
vigour to the last. He died at Glasgow, from an attack of 
diarrhoea, at the age of 54 years. 

"We have now to speak of one of our deceased members to 
whom was mainly due the founding of this Sodety; for although 
it must have occurred to many minds that Chemistry would be 
promoted by the closer association of its votaries, yet it is well 
known that the zeal of Robert Waringt on contiibutod chiefly 
to this end, an<l that he filled for mxny years the post of Secre¬ 
tary, dmiug a period requiting the greatest devotion of all its 
olBcers to the interests of the Society, in order to ensure an 
idtim ite success. 

Robert Warington, the third son of Thomas Waring- 
ton, was born at Sheemess, on the 7th September, 1807, his father 
being at that time a victualler of ships. When ten years of age 
he was entered at Merchant Taylors’ School, where he remained 
four years. On leaving school, he became a home pupil of 
Mr. J. T. Cooper, then well known as a lecturer on Chemistry, 
andwas articled for five years fr'om November, 1822. Mr. Cooper 
lectured at that time on Chemistry at the Medical Schools of 
Aldersgate Street and Webb Street ; he also manufactiired the 
more rare chemical substances, was the only maker of potassium 
and sodium* in Great Britain, and for some time enjoyed a 
monopoly of the manufacture of iodine. 

* Sodiaxn at that time ms sold at 12 goineas per oimee. 
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On the opening of University College, in 1828, Mr. Waring- 
ton was chosen byDr.E. Turner, as his assistant, in conjunction 
with Mr* W. Gregory, afterwards professor of chemistry at 
Edinburgh. Mr. Warington remained three years as assistant 
to Dr. Turner, and took charge of the practical classes. While 
at University College, he communicated to the ‘‘ Philosophical 
Magazine" his jSrst published research, entitled, “Examination 
of a Native Sulphuret of Bismuth." 

In 1831, Mr. Warington entered the service of Messrs. 
Truman, Hanbury, andBuxton, the well-known brewers, and 
remained at the brewery until 1839. In 1835, he married 
Elizabeth, the daughter of the late Mr. George Jackson, a 
surgeon and skilful amateur mechanist, well known for his many 
improvements in the construction of the ndcrosoope- Mr. 
Warington^s connection with the brewery did not prevent the 
pursuit of chemistry in his leisure; his papers during the period 
were “ On the establishment of some perfect system of Chemical 
Symbols, with remarks on Professor Whewell’s paper on that 
subject.”—^Phil. Mag., Sept., 1832. “ On the action of Chromic 
Acid upon Silver, and its combmations with the oxide of that 
metaL” 

About the year 1839, Mr. Warington canvassed for the for¬ 
mation of the Chemical Society, and on the 23rd of February, 
1841, convened a meeting at the rooms of the Society of Arts, 
whidi resulted in the formation of our Society. Mr. Waring- 
ion was appointed one of the Secretaries of the Society, and 
held the office for ten years. On his retirement he received a 
testimonial of plate, subscribed for the Fellows of the Sodety. 

The papers published by Mr. Warington up to 1842, were: 
“ On the Coloured Films produced by Electro-chemical Influenco 
and by Heat,” PhiL Mag., 1840; “On the Preparation of 
Chromic Acid,” Mem. Chem. Soc., 1841; “ On a Ee-arrauge- 
ment of the Molecules of a Body after Solidification,” Mem. 
Chem. Soc., 1842; “On the change of Colour in the Biniodide 
of Mercury,"Mem. Oiem. Soc., 1842; “Some additional observa¬ 
tions on the Red Oxalate of Cbrommm and Potash," Mem. Chem. 
Soc., 1842. 

On the death of Mr. Hennell, in 1842, Mr. Warington was 
appointed chemical operator to the Society of Apothecaries, a 
position which he held until within a year of his death. His 
professional engagements became very numerous during bis 
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connection with the Apothecaries* Society, and he was often 
employed as scientific adviser in important actions at law; he 
never^eless found leisure for scientific investigations and for 
the promotion of chemistry. He took part in the formation of 
the Cavendish Society, in 1846, and held the office of Secretary 
for three years. He also was one of the promoters of the 
Royal College of Chemistry, and was for some time a member of 
the CounciL Besides contributions to chemistry, Mr. Warington 
commenced experiments on the relations of animal and vege¬ 
table life in stagnant water, which resulted in the estabhshment 
of the “ Aquarium.” The result of his first experiments in this 
Kne of investigation was presented to the Chemical Society in 
1850; and he followed up the subject in several papers, com¬ 
municated to various journals. 

Mr. Warington’s other published researches were chiefly 
the following:—“ On the action of Alkalies on Wax“ On a 
curious change in the Molecular structure of Silver;” "On a 
curious change in the Composition of Bones taken from Guano 
" On some Commerdlal Specimens of Green Glass" Observar 
tions on the Action of Animal Charco^“ On the Green Teas 
of Commerce;** " On the Preparation of TurabuJl’s Blue ;** and 
" On the Production of Borado Add and Ammonia Igr Volcanic 
Action;” which will he found in the publications of our Sodety. 

Mr. Warington was a juror in the International Exhibition 
of 1862, and was elected a juror for the Paris Exhibition of 
1867, though unable to attend. He was elected a Fellow of the 
Royal Sodety in 1864. 

In 1851, Mr. Warington revised the translation of the 
Pharmacopoeia, left unfinished by Mr. Phillips; he was also 
much engaged in th€ construction of the British Pharmacopoeia 
of 1864, and was one of the editors of the 2nd edition of this 
work, in 1867. He was, moreover, one of the editors of the 
abridged edition of "Pereira*s Materia Medica.” 

In the autumn of 1865, Mr. Warington*8 lungs became 
seriously affected, and he passed the winter at Hastings; the 
foflowmg winter he went to Worthing, and ultimately died at 
Budleigh-Salterton, in Devonshire, on the 17th November, 1867. 

Mr. W arington*s career was marked by an unflagging zeal in 
the promotion of the interests of chemistiy, and by success in 
a variety of pursuits; for he was not only well known as a 
chemist, but was an excellent microscopist and an ardent culti- 
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vator of natural science. He was mncli respected, botli in 
public and private life, and evinced a sincere pleasure in aiding 
the researches of others. 

The late Mr. ’William W’insor, one of the founders of the 
well-known house of 'Winsor and Newton, was bom in 
1804, and until within twelve months of his decease personally 
sTiperintended the business operations of the house. Possessing 
an extremely accurate eye for colour, and an extensive know¬ 
ledge of practical chemistry, he brought the manufocture of 
many pigments used in the fine arts, to a high state of per¬ 
fection. The rapid growth and wide dijSfiision of taste for 
painting, which has shown itself during the last thirty years, 
caused a largely increased demand for material, wMth bis 
knowledge of chemistry and mechanics enabled hhn to devise 
means of supplying. 

WTien the late Sii* Charles Eastlake was writing his work 
“Materials for the History of Painting,” Mr. Wins or, by his 
desire, and in immediate connection with the subject, made a 
series of experiments, and worked out to solution certain im¬ 
portant questions in reference to colour. At the time of his 
decease he was engaged in revising that well-known standard 
work on colour, “ Field’s Cliromotography/’ 

Mr. Winsor was a sound musician, and dmmg many years 
was tiie principal amateur double bass in London. He was an 
aarlxYe member of the Sacred Harmonic Society. On the occa¬ 
sion of the Handel Festival of 1859, he officiated as one of the 
siiperintendents, and in musical matters generally took a warm 
interest. 

He joined the Chemical Society in 1859; he was also a 
Fellow of the London and Middlesex ArchaBological Society, 
and a member of the Society of Arts. 

Mr. Winsor died on the 1st of November, 1865, regretted 
by an extensive drcle of fiiends, to %^hom he had endeared 
himself by his many ehtimable qualities and strict probity of 
character 

Philip James Chabot was bom in Spitalfields, on 27th 
November, 1801. His father was descended fi-om a French 
refugee at the Revocation of the Edict of Nantes, and was the 
surviving partner of an old firm of grain-dyers, who for many 
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years had. the contract of the East India Company to supply 
the scarlet wool for the clothing of their army. 

The son, after receiving a fair classical education, joiaed his 
father in the business, for which his taste for chemistry seemed 
pecuKarly to fit him; but having also a great literary tinm he 
soon quitted the dye-house, and in 1820 entered himself at 
St. John’s College, Cambridge, whm*e he graduated B.A. in 
1824, and M.A. in 1827. 

He was called to the bar at Lincoln’s Inn in 1830; but upon 
the death of his father in 1832, he was induced, by the earnest 
entreaties of his ftieiids, although much against his own inclina¬ 
tion, to give up the bar and take his father’s place. 

^Vhilst directing the works, he discovered sundry improve¬ 
ments in dyeing, especially in the several shades of blue. At 
length, Mr. Chabot, finding that the business had not answered 
Ins expectations, gave it up, and in a few years started the Silk- 
conditioning Company, of which he was the secretary and 
manager till his death. He gave a lecture at our Society on 
the subject of silk-conditioning, that is, the determination of 
hygrometric moisture and other extr<meous substances accom¬ 
panying raw silk which is sold by weight- 

Mr. Chabot was a member of the Old Mathematical Society 
in Spitalfields, of the Cavendish, and Philological Societies, 
and a Fellow of the Royal Astronomical Society; he was also 
a member of the Board of Managers of the French hospital 
for the poor descendants of the French Refugees: a man ex¬ 
tremely well read, interested in science and literature, of a 
kind and sociable disposition, ever ready to take any amount 
of trouble for lus friends, and of the most scrupulous probity; 
he was trusted to an unlimited extent by all who knew him, 
and none had reason to regret a misplaced confidence. 

Mr. Chabot joined our Society the year after its formation, 
and withdrey?^ in 1864JbLe died on the llth of January, 1888. 
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November 7tli» 1867. 

Mr. Warren De la Rue, President, in the Chair, 

A resolution was passed, That the Fellows of the Chemical 
Sociely request their President to convey to Mrs. Faraday 
their deep sense of the loss which science has sustained in the 
death of her highly distinguished and much esteemed husband, 
and to express their heartfelt sympathy with her in her own 
great loss.” 

The following papers were read:— 

“ On the Action of Acetic Anhydride upon the Hydiides of 
Salicyl, Ethyl-Salicyl, &cby Mr. W. H. Pertin, F.B.S. 

On Nitrous and Nitric Ethersby Messrs. E. T. Chapman 
and Miles H. Smith. 

‘‘ On the part taken by Oxide of Iron and Alumina in the 
Absorptive Action of Soils:” by Robert Warington, Jun., 
Esq. 

‘‘Analysis of the Water of the Holy Well, a medicinal Spring 
at Humphrey Head, North Lancashire : ” by Thomas E. 
Thorpe, Esq. 

“ On the Action of Permanganate of Potassium on Urea, 
Ammonia, and Acetamide in Strongly Alkaline SolutionBby 
Messrs. J. A. Wanklyn and Arthur Gamgee. 

“Verification of Wanklyn, Chapman, and Smith’s process 
of Water Analysis on a Series of Artificial Watersby J- A. 
Wanklyn, Esq. 


November 21st, 1867. 

Mr. Warren De la Rue, F.R.S., President, in the Chair. 
The following papers were read:— 

“ On the relation between the results of Water Analysis and 
the Sanatory Character of the Water;” by E. T. Chapman, 
Esq. 

“ On the Pyrophosphoric Amidesby Dr. J- H. Gladstone, 
F.R.S. 
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December 5tb, 1867. 

Extraordinary Q-eneral Meeting. 

A resolution was passed that the first paragraph in the first 
bye-law be amended as follows:— 

“Every candidate for admission into the Society shall be 
proposed according to a form of recommendation (No. L in the 
Appendix), subscribed by five Fellows of the Society, to three 
at least of whom he shall be personally known, and sudi ceay 
tificate shall be read and suspended in the Society’s rooms, or 
place of meeting, for three ordinary meetings.” 


Ordinary Meeting. 

The following gentlemen were duly elected Fellows of the 
Society;— 

Thomas Hall, B.A., City of London School; Charles 
Walter Maybury, King-street, Manchester; George Lunge, 
Ph.D., South Shields; F. J. R. Carulla, Sheffield; C. Mey- 
mott Tidy, M.B., Cambridge Heath, Hackney; Augustus A. 
Wood, Cheapside; Alfred Coleman, Plough Court, Lombard- 
street; Walter W. Fiddes, Sothemhay, CKfton; Robert 
E. Tatlock Kyles, of Bute; Wm. Phipson Beale, Stone 
Buildings, Temple; Alexander Crum Brown, M.D., D.Sc., 
Edinburgh, 

The following papers were read:— 

“ On the Artificial Production of C^oumarin and Foi-mdiion 
of its Homologuesby Mr. W. H. Pei kin, F.R S. 

Turacin, a New Animal Coloming Matter:” by Prof. A. 
H. Church. 

“Note on the Preparation of Urea by Mr. John Williams. 

Dr. Hofmann gave a verbal account of his recent researches 
“On Methylic Aldehyde,” and “On a New Series of bodies 
homologous with Hydrocyanic Acid.” 
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December 19iih, 1867- 

Mr- Warren de la Rue, F.R.S-, President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Society 

Wm. Frank Smith, M.D., Sheffield; Alfred E. Fletcher, 
Esq., Presoot, Lancashire. 

The following paper was read:— 

“On the Freezing of Water and Bismuth:” by Mr. Alfred 
Tribe. 


January 16th, 1868. 

Mr. Warren De la Rue, F.R.S., President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Society 

G. W. Child, M.D., Oxford; Edward Chapman; W. G. 
Mason; Peter Griess,Burton-on-Trent; Captain Alexander 
Walker. 

The following papers were read:— 

On the Isomeric Forms of Valerio Acidby Mr. Alexander 
Pedler. 

“On the so-called Thioformic Acid: by Dr. Debns, F.R.S. 

Dr. Frankland delivered a lecture “ On Water Analyfids ” 


February 6th, 1868. 

Mir. Warren de la Rue, F.R.S., President, in the Chair. 

The following gentlemen were dcdy elected PellowB of the 
Society:— 

Lieutenant J. W. Hozier, B.A., Staff College, Famborough; 
Herbert McLeod, Bridge Street, Southwark; Robert 
Schenk, Ph.D., Hanover Place, Kenmngton; Thomas 
Charlesworth, Leicester. 

The discussion upon Dr. Frankland’s lecture on Water 
AnalysiB was resumed. 
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The following papers were read:— 

“On a new form of Voltaic Battery:” by Mr- Dela Sue, 
and Dr. Hugo Miiller, F.B.S. 

“On Gas Analysisby Dr. W. J. Russell. 

“On the Reduction of Caxbonic to Oxalic Acid:” by Dr. E. 
Drechsel. 

“ On some new Benzylie Derivatives of the Salicyl Series 
by Sfr.W.H. Perkin, F.R.S. 


February 20th, 1868. 

Dr. A. W. Williamson, F.E.S., Vice-President, in the Chair. 

The following gentleman was duly elected as Fellow of the 
Society:— 

Martin Murphy, College of Chemistry, Liverpool. 

Mr. David Forbes, F.R.S., delivered a lecture “ On Chemical 
Geology.” 


March 6th, 1868. 

Mr, Warren De la Rue, PJEI.S, President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Sodety:— 

Benjamin H. Paul, Ph- D., Gra/s Inn Square; Thomas 
W. White, Ifield, Crawley, Sussex; Edward Dowson, MJ>., 
Park Street, London. 

Mr. Reinhold Richter was elected an Associate. 

The following papers were read:— 

“ On the Action of Oxidising Agents on Organic Compounds 
in presence of excess of Alkali:” by Messrs. J. A. Wanklyn and 
E. T. Chapman. 

“Note on Dr. Frankland’s Process of Water Analysisby 
Me. K T. Chapman. 

“Note on the Estimation of Nitric Add in Potable Waters 
by Mir. E. T. Chapman. 

“On the Hydride of Ac^Sahcylby Mr. W. H. Perkin, 
F*R.S« 
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“On the Absorption of VapoTirs byCbarcoah” by Mr. John 
Hunter, M.A. 

“ On the Occurrence of Prismatic Arsenious Acdd by Mr. 
Frederick Claudet. 

“ On the Action of Nitric Acid upon Picacamic Add:” Igr Dr 
S tenhouse, FE.S. 

“On Chloranil*:” by Dr. Stenhouse, FJR.S. 

“ On the Action of Zinc-ethyl on Nitrous and Nitric Ethers;” 
by Messrs. E. T. Chapman and Miles H. Smith. 


Maa'ch 19th, 1868. 

Mr. Warren, De la Rue, F.R.S., President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Society:— 

R. Calvert Clapbam, Newcasile-on-Tyne; R. Byramjee, 
M.D., Bombay Army^ 

Dr. Meuzel was elected an Associate of the Sodety. 

Professor Kolbe gave a verbal account of the Traiisforination 
of Carbonate of Ammonia into Urea. 

Mr. H. Chance delivered a lecture “On the Manufacture of 
Glass.” 


March 30th. 
Anniversary Meeting. 


April 2nd, 1868. 

Mr Warren De la Rue, F.R.S., President, in the Chair. 

The following gentlemen were duly ejected Feliows of the 
Sodety:— 

John Tyndall, LL.D., F.R.S., Royal Institution. 

Frederick Guthrie, Ph.D., Royal College, Mauritius. 

W. B. Giles, Old Swan, Liverpool. 

The following papers were read:— 

“On the constitution of Glyoxylic Add:” by Messrs. W. 
H. Perkin, FJS.S., and B. F. Duppa, F.B.S. 

« On a Glyoxalic Amideby Dr. Odling, F.R.S. 
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“ On the occurrence of Organic appearances in Colloid Silica, 
obtained by Dialysis:” by Mr. W. Chandler Roberts. 

“ On the Solubility of Xanthine in Dilute Hydrochloric Acid:” 
by Dr. Bence Jones, F.R.S. 

“ Researches on New and Rare Cornish Minerals:” by Prof. 
A. H. Church. 


April 16th, 1868. 

Mr. Warren De la Rue, F.R.S., President, in the Chair. 

The following gentleman was duly elected a Fellow of the 
Society:— 

Lieutenant Francis C. H. Clarke, Staif College, Fam- 
borough. 

The following papers were read:— 

On an improved Voltastatby Dr. Guthrie. 

“ On Graphic Formulseby Dr. Guthrie. 

“On the Tetrapho&phoric Amides;” by Dr. J. H. Glad¬ 
stone, F.R.S. 

“ On the Solubility of Plumbic Chloride in Water, and in 
Water containing Hydrochloric Acidby Mr. J. Carter Bell. 


May 7th, 1868. 

Mr. Warren De la Rue, P-R.S., President, in the Chair. 

The following gentleman was duly elected a Fellow of the 
Society:— 

Thomas Bournes, St. Helen’s, Lancashire. 

Mr. C. W. Siemens, F.R.S., delivered a lecture “On the 
Regenerative Gas Furnace, as applied to the Production ot 
Cast Steel” 


May 21st, 1868. 

Mr. Warren De la Rue, F.R.S., President, in the Chair. 

, The following papers were read 

“Some Experiments on the Appfication of the Measurement 
of Gases to Quantitative Analysisby Dr. W. J. Russell. 
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** Observations upon tbe Combining Powers of Carbonby 
Mr. W. H. Perkin, F.R.S, 

“ On tbe Reducing Action of Peroxide of Hydrogen and 
OarboKc Add:” by Mr. John Parnell. 


June 4th, 1868. 

Mr. Warren De la Rue, P.R.S., President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Society:— 

Henry Chance, M.A, Oldbnry, Birmingham. 

William Hustler, Esq, Rosemeiryn, Falmouth. 

Wm. Bourger Miller, Esq., Royal Mint, Sydney. 

The following papers were read:— 

Chemical notices. I. ‘‘Action of Chloride of Zinc on Oxalic 
Ether.” 11. “ On the Artificial Production of Pyridine.” HI. 
“ Isotnerism in the Organic Cyanidesby Messrs. E. T. Chap¬ 
man and Miles H. Smith. 

“ On the Modes of Testing mineral Oils used in Lampsby 
Dr.B.H.PauI. 


June 18th, 1868. 

Mr. Warren De la Rue, President, in the Chair. 

The following gentlemen were duly elected Fellows of the 
Society:— 

H. B, Riddel, Stratton Street, Piccadilly. 

S. A. Saddler, Oldbury, Birmingham. 

The following papers were read:— 

“Additional Note on Tetmphosphoric Amides:” by Dr. 
Gladstone. 

“ On High Chemical Formulae—^the ground on which they 
restby J. A. Wanklyn, Esq. 

“ On the Production of Saltpetre in Indiaby Dr. W. J. 
Palmer. 

“ On an Instrument for Maintaining Constant Temperature:” 
by Dr. Guthrie. 

“On Chalyhite, Diallogite, and Woodwardite:” by Prof. A 
H. Church. 
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Donations to the Library, Session 1867-8;— 

New Experiments, Physico-mechanical, touching the Air: 
by the Hon. Robert Boyle: from the Rev. B. W. Q-ibsone. 

“ Principles of Chemistry, founded on Modem Theoriesby 
A. Naqnet: translated from the Second Edition, by W. Cortis, 
and revised by Dr. T. Stevenson: from the Publisher. 

‘*An Introduction to Pharmaceutical Ghemistiy:” by John 
Attfield: from the Author. 

** Supplement to the Mineral Resources of Central Italyby 
W. P. Jervis: from the Author. 

Catalogue of Scientific Papers (1800-1863)compiled and 
published by the Royal Society of London: from the Royal 
Sodety. 

“A Dictionary of Chemistry, and the Allied Branches of 
other Sciences:” by Henry Watts. Parts XLIIL, XLIV., 
XLV,: from Messrs. Longman and Co. 

“Chemical Notes for the Lecture-room:” by Thomas 
Wood: from the Author. 

“An Essay on the Theory of Phlogiston:” by Q-. P. Rod- 
well : from the Author. 

“ Abridgements of Specifications relating to the Plating and 
Coating of Metals with Metals:” compiled by W. H. Walenn: 
from the Compiler- 

“ Abridgements of Spedfications relating to Photography:” 
Part. IL: compiled by W, H. Walenn; from the Compiler. 

“Experimental Investigations connected with the Supply of 
Water from the Hooghly p Calcutta;” by David Waldie; 
fix>m the Author. 

“ On the proposed Water-supply of the Metropolisby E, 
Frankland: from the Author. 

“Agricultural Pamphlets:” by Augustus Voelcker: jfrom 
the Author. 

1. Field Experiments on Root Crops. 

2. The Composition and Nutritive value of AnthylliB ^vJr 
neraria as a Fodder Plant. 

3. Field Experiments of Crude German Potash-salts and 
Common Salt on Mangolds. 

4. The changes which take place in the Field and Stack in 
Haymaking. 
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Aiistralian Vegetation, indigenous or introduced:” by Dr. 
Ferdinand Muller: from the Author. 

Eeport on the Vegetable Products exhibited at the Inter- 
national Exhibition of 1866-7: by Dr. Ferdinand Muller; 
from the Author. 

On the Temperature of the Ancient Worldby C. Daubeny: 
from the Author. 

On the Existence of Bocks containing Organic Substances 
in the fundamental Gneiss of Sweden: by J. Igelstrom, 
A. E. Nordenskiold, and F. L. Erman; from the Authors. 

On the Magnetic Attraction of Cosmical Bodiesby J. A. 
R. Newlands: from the Author. 

“ A Sketch of a Philosophy.” Part. II. ‘‘ Matter and Mole¬ 
cular Morphology;” from Messrs. Williams and Nor gate. 

“ A programme of Atomechanics, or Chemistry as a Mecha¬ 
nics of the Panatoms;” by Gustavus Heinrichs: from the 
Author. 

“Hydrologic G&a&rale:” par A. A. Ferreira: from the 
Author. 

“Etudes sur les Affinites Chimiques:” par E. M. Guldberg 
and P. Waage; from the University of Ghiistiania- 

“ Becherches sur la Reduction du Niobium et du Tantale 
from C. Marignac: from the Author. 

“ Systematisbhe Zusammenstellung der sogenannten unor- 
ganischen Verbindungenvon 0. Weltzien: from the 
Author. 

“Kurzes Lehrbuch der Chemie, nach den neuesten Ansichten 
der Wissensohaft, von H. E. Roscoe. Deutsche Ausgabe, unter 
Mitwirkung des Verfassers, bearbeitet von C. Sohorlemmer;” 

from Professor Roscoe. 

“Festsohrift herausgegeben von der Naturforschenden Ge- 
seDschaft in Basel, zur Feier des fuiifeagjahrigen Bestdiens, 
1867 

i. “Geschichte der Naturforschenden Gesellschafr in Basel 
wahrend der ersten fiinfzig Jahre ihres Bestehensvon 
Peter Marian. 

ii. “Ueber die Angabe der Naturgesdaichtevon Prof. Ruti- 
meyer. 

iiL “ Ueber das Grundwasser und die Bodenverhaltnisse der 
Stadt Baselvon Prof, Albr. Muller: 

from the Philosophical Society of Basel. 



xlvi PROEEODINaS OF THIS OHEItflOAL SOCIETY- 

^‘Ueber die phyeikalischen Arbeiten der Societas Jlelveficay 
1751-1787:” von Dr. Fritz Burokhardt; from the Philo¬ 
sophical Society of Basel. 

^^Ghemische Untei'snchnng der wiohtigstcn Mineral waHH<'r des 
Herzogthuins Nassau:” von R. Fresenius : fi’om tlie Author 

“Om de i Norge forekommende Fossile dyrelevniiiger fi’a 
quart Aerperioden, et Bidrag til vor Faunas Historio:” af 
Dr. Michael Bars: from the University of Christiania. 

‘‘ Veiviser vod geologiske Excursionor i Chiistiania Omegn, 
med et fervetrykt BLart og flere Trasnit: af Lector Thoodor 
Kjerulf: from the University of Christiania. 

Periodicals.— 

Philosophical Ti’ansaotions,” 1867, Part 11.: firom the Royal 
Society. 

“ List of Officers and Fellows of the Royal Society for the 
year 1867fi'om the Royal Society. 

** Transactions of the Royal Society of Edinburgli, voL XXIV., 
part IIL; for the Session 1866-7. 

^‘Proceedings of the same;” Session 1866-7: fi'oan the 
Society. 

“ Proceedings of the Royal Physical Society of Edinburgh,” 
1864-5: from the Society. 

** Memoirs of the Royal Astronomical Society,” voL XXXV. 

“Monthly Notices of the same,” from November, 1867, to May, 
1868: from the Society. 

“ Quartetly Journal of theOeologieal Society,” fromNovenibor, 
1867, to May, 1868: from the Society. 

“Quarterly Journal of Science:” Nos. 17, 18: from tlio 
Editor. 

“Proceedings of the Royal Institution ol Groat Hrilain,” 
vol. V., part. 2. 

“ List of Members, Officers, and Professors of llio same,” lor 
1868: from the Royal Institution, 

“ Joxarnal of the Photographic Society,” from November, 1867, 
to May, 1868: firom the Society. 

“Pharmaceutical Jomnal and Transactions,” from Novemboiv 
1867, to June, 1868: from the Editor. 

“Proceedings of the British Phannaceutioal Oonferonoo 
Dundee Meeting,” 1867: from Dr. Attfrold. 

“ Journal of the Society of Arts,” 1867-8: from the Society. 



PBOCraaDINaS of the OHEMIOAIi SOC5IETY. xlvii 

“Chemical News,” 1867-8; from the Editor. 

“ The Chemist and Druggist,” from January to June, 1868; 
from the Editor. 

“Thirty-fifth Annual Report of the Royal Cornwall Poly¬ 
technic Society,” 1867: from the Society. 

“American Journal of Science and Art,” from November, 
1867, to May, 1868: from the Editor. 

“ Journal of the Franklin Institute,” from November, 1867, to 
April, 1868: from the Institute. 

“ Cosmos,” 2me serie—Tome V.: firom the Editor. 

“ Socd4t6 Therapeutique de France: compte rendu des Seances 
g6n4rales,” 1867, No. 1: ficom the Society. 

“ Bulletin de 1’Academic Royale de Belgique,” 1867-8. 

“ Annuaire de rAcademie Royale de Belgique,” 1868: from 
the Academy. 

“Memorie dell’ Accademia deUe Scienze dell’ Istituto di 
BolognaTome IV., V. 

“Rendiconti delle Sessoni dell’ Accademia deUe Scienze di 
Bologna,” 1864-5; from the Academy. 

“ Giomale di Scienze naturali ed eoonomiche, publicati per 
cmra del ConsigHo di Perfezzionamente annesso all R. Istituto 
technico di Palermo,” voL IlL, fesdcoH 1, 2, 8, 4: from the 
Institute. 

“Denkschriften der KaiserlichenAkademie der Wissenchaften 
in Wien (Math,-phys. Qasse),” Bande XXV., XXYL, XXVH. 

“ Sitzungsbeiichte derselben,” Erste Abth. und Zweite Abih. 
LV., LVI.: from the Imperial Academy of Sciences at Vienna. 

“Zeitschriffc fiir Chemie. Neue Folge; herausgegeben von 
A. Hubner,” Band IV., Hefte 10-12 ;Band V., Hefte 1-10. 

“ Der Kongolige Norsks Frederifcs Universitots Aarsbereining 
for Aaret 1866, med Belage,” 1867; from the Academy. 

“Nienwe Verhandelingen van het Bataaisch Genootschap 
der proefondervmdelijke Wijsbegeerte te Rotterdam,” 1866: 
from the Society. 
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iu Deyille^s famace, does not incsrease in electrical resistance, 
■with increase of temperature in the same ratio as that produced 
hj the old process, owing probably to the presence of carbon 
or other alloy in fractional quantities. 

Ayoiding the use" of fused platinum wire, I have measured 
temperatures by electrical resistance up to a full welding heat, 
which I estimate at 1,600® C. = 2,900® P.; and in judging the 
heat of the steel-melting furnace by comparison of effects, I 
should put it at not less than 2,200® C. = 4,000® F. The effect 
of this degree of heat may be judged by the following:— 

An ingot of rather hard cast-steel, weighing 6 cwt., was intro¬ 
duced into the furnace to be incorporated with the bath of 
steel. The ingot was nearly cold, and was allowed to remain 
fifteen minutes upon the bank before it was pushed into the 
bath, where it was completely dissolved m fifteen minutes, 
the time occupied in heating and melting the ingot being 
thirty minutes. A cube of wrought metal of nearly 8 inches, 
weighing 130 lbs,, was also introduced cold into the furnace* 
and allowed to remain upon the bank during ten minutes to be 
heated externally to whiteness, before being pushed into the 
metallic bath, when twelve minutes sufficed to render it com¬ 
pletely liquid. It must be borne in mind that these results are 
produced without a strong draught, the flame being indeed so 
mild, as not to oxidize the unprotected metal, which can be 
maintained for several hours as liquid steel in the furnace 
without adding carbon in any form. 

It may be matter for surprise, that the material composing 
the fuinanee can be made to resist such a heat, and it must be 
admitted that best Dinas brick is the only brick capable of 
resisting for four to five weeks, by which time the thickness of 
the arch is reduced to about 2 inches, by the absolute fusion 
of the inner surface; but this excessive heat is confined to the 
heated chamber only, the regenerators being at such a mode* 
rated heat, that the chequerwork will stand for months, and the 
arches for years of constant working. 

In conclusion, I wish to express to you my sense of the dis¬ 
proportion that exists between the magnitade of the task I 
have brought before you, and my ability to accomplish it in all 
its ramifications. It may be granted that the Regenerative Gas 
Furnace itself has passed beyond its experimental stage, but 
much is yet to be done in working out the applications of the 
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system to the ufiefu.1 artS) and the modificatioiis and improve- 
.ments in processes which it frequently involves. 

Much, also, is yet to be done before the method of producing 
cast steel, in one direct process fi*om the ore, can take its place 
as the recognized system of making steel on a large scale from 
the purer iron ores, a position that I firmly believe it will 
assume, sooner or later. It is my earnest hope that, in bring¬ 
ing the subject before your Society, I may induce some of 
its members to forward this result, by taking up particular 
branches of the scientific inquiries upon which I have only been 
able to touch lightly in my present communication- I have 
much pleasure in acknowledging the assistance I have re¬ 
ceived in working out this subject from Mr. William Hack¬ 
ney, my principal superintendent, and Mr. Willis, the chemist 
in charge at my experimental works. 


XXXIV.— Some Experiments on the application of iJie Meaxtire- 
mmt of Oases to Quantitatioe Analysis^ 

By W. J. Russell, Ph.D. 

The foUowiag experiments were made to ascertain whether 
the gas given off in certain reactions could be so easily and 
accurately collected and measured, that it might form trust¬ 
worthy data for quantitative determinations. The volume of a 
gas is capable of being determined with so much precision that 
this method of analysis would aiJ])arently have certain substan¬ 
tial advantages. The gas measurements were all made by the 
method described by Dr, Williamson and myself. 

The form of apparatus drawn in my paper “ On Gas Analysis,”* 
was used, and in place of an ordinary eudiomotex’ a somewhat 
larger graduated tube was employed; this is the only alteration 
that Las to be made to tlie apparatus. The tube used in the 
following experiments was 29 inches long, and rather more 
than three-quarters of an inch in internal diameter. The top of 
it is drawn out to a comparatively narrow tube, which is bent 


• Ohem. Soc. Jonnu, April, 1868. 
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at right angles and left open. The bent part should be only 
about half an inch long. Over this is pushed, as far as it 'will 
go, a piece of india-rubber tubing, which is to be bound tightly 
on with wire, and cemented all round with marine glue. The 
glue must be applied as hot as possible; it then adheres most 
firmly to the glass and makes a perfect joint. The india- 
rubber tubing must be of the best quality, and very thick: the 
diameter of the tube outside shotdd be about half an inch, and 
inside only to -jJg- of an inch. The inside should be well vul¬ 
canized, and the rest of the tube only slightly so. The length 
of it is about 3^ inches. 

It is important that this tube should be as i^ort as possible, 
or else when carbonic acid is being experimented with, a con¬ 
siderable error may arise from the absorption of the gas by the 
india-CTibber. In one experiment in which the carbonic acid firom 
0*124 gim. of marble was collected in a glass tube, to the top 
of which was attached a piece of this thick india-mbber^tubing 
some 8 or 9 inches long it was found that, although there was 
some air in the tube as well as the carbonic acid, the latter 
occupying 201*71 divisions, the gas, at the end of one hour, 
had diminished 7*7 divisions; at the end of two hours it had 
diminished 9*9 divisdons; in three hours 11*5 divisions; in four 
hours, 13*3 divisions; and by the next day it had diminished as 
much as 30*3 divisions. With a short piece of india-rubber 
tubing, such as that above described, the amount of gas which 
disappears is about ^ division of the tube every five 

minutos.I 

The most convenient form of vessel to hold the substances 
which are to react, is a small fiask, easily made by blowing a 
bulb on a piece of tubing. Tins tubing must be of such a size 
that the india-rubber tube wiU just fiit into it; it thus forms a 
sort of stopper to tlie flask, and connects it in the simplest way 
with the measuring tube. Before introducing the indiarrubber 
tube, it must be slightly wetted, aud as long as this joint is kept 
wet, there is not the slightest fear of any leakage; if it becomes 
dry and there is a high column of mercury in the measuring 
tube, it will probably leak. This is the whole of the special 
apparatus required for collecting the gases. The manipulations 
are very simple. The measuring tube with the flexible tube 
attached to it is damped to the end of the rod, just as a eudio¬ 
meter would be; a drop of water is introduced into the tube, 
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and it is placed in its position within the glass cylinder of the 
apparatus. To fill the tube with mercury before commencing an 
analysis, a piece of strong glass tubing, about 2 feet in length, and 
slightly tapering at one end, is inserted into the end of the flexible 
tube; the measuring tube may now be depressed as fer as it 
will go into the well of the trough. It is not necessary that tho 
well be deep enough to receive the whole of the tube: for the 
morcmry is easily sucked up to the height of several inches, if 
another piece of the thick india-rubber tubing is fastened to 
the end of the thick glass tube which reaches above the top of 
the glass cylinder. On applying the mouth to the end of this 
tube and sucking, the mercury may with the greatest ease be 
raised to the required height in the measuring tube. On remov¬ 
ing the mouth, the tubing is compressed hj the finger and 
thumb, and a piece of glass rod inserted into it prevents the 
entrance of the air. The mercury in the measuring tube should 
now stand some two or thi*ee inches from the top of the tube. Tlie 
rod canying it is now raised, so that the india-rubber tube 
fastened to the measuring tube comes above the top of the 
glass cylinder; a clamp is put over it and closed.* The long 
glass tube is now withdrawn from the flexible tube, and the end 
of the flexible tube inserted into the neck of the flask contain¬ 
ing the materials which are to react. This done, tho clamp is 
removed, and the flask becomes in fact part of the measuring 
tube* By bending the flexible tube, the fladc is brought within 
the glass cylinder, which of course is filled with water. A 
common india-rubber ring slipped over the iron rod con¬ 
veniently holds the flask against the side of the ineasuriug 
tube, so that they can be raised or lowered in the cylinder 
without difficulty. The next operation is to read off the volume 
of air contained in the tube and flask. This is done in the ordi¬ 
nary way; the tube is lowered into the well xmtil the column of 
mercury witliin it is of the same height^as the column in tilie 
pressure tube; this gives the amount of air in the apparatus 
before the reaction commences; the tube has now to be raised 
the flask agsiin brought outside the cylinder, and the action 
caused to take place. Another measurement when the reaction 
is completed gives the volume of gas produced. The substances 
to be used are prevented from coming in contact w^en intro- 

* T-«ta.ped clamp, diam in 7, page 241, voL ii, N.S., of this Joumal,, 
welL 
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dnced into the small flask in the nsnal way, one of them being 
placed within a small tube,which is lowered into the-flask contain¬ 
ing the other substances which are to take part in the reaction. 
The flexible tube enables the flask to be bent about, so that the 
mixin g can easily be effected, and heat can of course be readily 
applied when necessary. In order to ensure there always being 
moisture roimd the joining of tlie india-rubber tube and flask, 
a piece of cotton wick is wound round it at this point, and the 
ends allowed to dip into the water in ,the glass cylinder. This 
simple plan of usmg the india-rubber tube as a sort of cork to 
the flask has been found to answer admirably; as long as the 
joining is wet, there is not the slightest tendency to leakage, 
even under considerable pressure, and the joining is inade and 
severed with the greatest ease. It was proved by direct experi¬ 
ment that the varying amonnt of bending which the india- 
rubber tube of the thickness above given will undergo when 
placed in the glass cylinder, does not appreciably alter the 
volume of air in the measuring tube. 

In an ordinary gas analysia it is sufScient if we know the 
relative volumes of gas at the different stages of the analysiB; 
but for the present purpose the necessary data for converting 
these relative volumes into absolute volumes, and for ascertain¬ 
ing their weight, must be determined. 

The tube is calibrated in the usual way, and a table of 
volumes drawn up similar to one for an ordinary eudiometer. 
The volume of mercury which has been used in the calibration 
has to be weighed, and the temperature noted. By means of 
the following formtda^ quoted from Bunsen’s Gasometty, the 
value of one volume in the table expressed in cubic centimetres, 
< 5 , is determined:— 

_q X a + 0-00018150 
® 13-596V. 

where g is the weight, and t the temperature of the constant 
quantity of mercury which occupies the volume V used as the 
standard in the calibration. 0*0001815 is taken as the co-effi¬ 
cient of expansion of mercury and 13*596 as its specific ^avity 
at 0® C. To find the weight of the gas evolved, it is further 
necessary to know the temperature and pressure at which the 
measui'ement has been made. When the measurements are 
made by means of a pressure-tube, it is only necessary to ascer- 
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tain once for all what is the temperature and pressure, at the 
same moment, of the air in the upper part of the pressure- 
tube, the mercmy standing exactly at the mark which indicates 
the constant volume. The determination is easily made in the 
following waj’’:—A linear measure—eudiometer graduated to 
millimetres, if the scale go to the end, will do—^is fixed in the 
clamp of the eudiometer-rod and lowered within the glass 
cylinder till it just touches the mercmy in the trough. The 
following observations ar^ all made by means of the telescope 
in the ordinary way: first the level of the mercury is raised or 
lowered so as exactly to bring it to the mark on the pressm*e 
tube; then, by means of the fine adjustment, the millimetre 
measure is made just to touch the sm-face of the mercury in the 
trough, the mark or pointer on the pressure tube extending 
behind it, and giving exactly the height of the column of mer- 
CTuy in the pressure-tube* Besides this it is only necessary to 
have a good thermometer hanging iiuside the glass cylinder 
against the pressure-tube; its height is easily read off after 
making the former observations; then, if the height of the 
barometer be noted, it completes the necessary data. Two or 
three observations should be made, and the mean of them 
taken. A perfectly simple calculation will then, from these 
data, give the weight of the day gas occupying one tabular 
volume of the tube. In an analysis, after reading off the volume 
of before and after the reaction, the difference has merely 
to be multiplied by the constant, to give the weight of the gas 
evolved. 

In the following calculations, the weights obtained by 
Begnault for carbonic acid and hydrogen are used, namely, 
1*977414 grammes as the weight of one litre of carbonic acid 
at 0^ and 760min. pressure, and 0*089578 grammes the weight of 
a litre of hydrogen. 

With regard to the following experiments, it is but fair to 
state tiiai these are all the analyses which have been made in 
this way, that they have been made with different amounts of 
sir in tlie pressure-tube, with different flasks^ and many of them 
made "^ery hurriedly. First, with regard to the reactions in 
which carbonic acid is evolved, one series of espeiiments was 
made with pure sodic carbonate, which had been prepared with 
care, and another series with caloHspar. In the experi- 
maMs wifii sodic carbonate, quantities of the salt were used. 
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wHch varied between 0*27 and 0*35. When the bnlk of acid 
to be used is considerable, it is convenient to put it directly 
into the flask, and the carbonate into the tube; when small, the 
reverse is best. It will hardly be necessary to give the details 
of each experiment, but it will be sufiScient to state tlie amount 
per cent, of carbonic acid obtained from the sodic carbonate, 
and the nature and quantity of the acid used. 

In the following experiments 1*3 c.c. of a mixture of two parts 
of water and one part of pure sulphuric acid was used. 

1st experiment 41*524 per cent. CO^. 


2nd 

99 

41*524 

99 

3rd 

99 

41*571 

99 

4th 

99 

41*532 

99 

5th 

99 

41*607 

99 

6th 

99 

41*484 

99 

7th 

99 

41*517 

99 

8th 

99 

41*502 

99 


In the last experiment 1*4 c.c. of the acid was used. 

The theoretical amount of carbonic acid in sodic carbonate 
is 41*509 per cent. 

Dilute hydrochloric acid was substituted for the sulphuric 
acid. A mixture of one part of water and two parts of ordinary 
pure acid was made. 


1st experiment 1*3 c.c. add used 41*518 


2nd 

99 

1*5 

99 

41*491 

3rd 

99 

99 

99 

41*495 

4th 

99 

99 

99 

41*461 

5th 

99 

2*5 

99 

41*192 


In the two following experiments a mixture of one part of 
water and three parts of hydrochloric acid was used, and 1*8 c.c. 
of it taken in each esperiment. 

1st experiment 41*378 
2nd „ 41*430 

The following are the experiments with calo-spar. in this 
case of course sulphuric acid could not be used. 

Commencing with the largest amount of add used, and the 
most diluted, we have the following series—on© part of hydro¬ 
chloric add, and one part of water:— ^ 
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Ist experiment 2*8 o.o. acid used, 48*520 CO 2 cent. 


2n.d 

92 

2-4 

99 

43-550 

99 

3rd 

99 

99 

99 

43-596 

99 

4th 

9- 

99 

99 

43-666 

99 

5th 

99 

99 

99 

43-555 

99 

6th 

99 

99 

99 

43-827 

99 

7th 

99 

2-0 

99 

43-719 

99 

8th 

99 

99 

99 

43-773 

99 

9th 

99 

1*6 

99 

43-854 

99 

10th 

99 

1-5 

99 

43-858 

99 

11th 

99 

99 

99 

43-836 

99 

12th 

99 

99 

99 

43-798 

99 

13th 

99 

99 

99 

43-796 

99 


The theoretical amount of carbonic acid in calcic carbonate is 
44-00 per cent., but it has generally been found to contain a loss 
amount* 

A mixture of two parts of hydrochloric acid and one part ol 
water was used in the following expeximents:— 

1st experiment 2-4 c.o. acid used, 43*781 CO^ per cent. 


2nd 

99 

99 

99 

43-714 

99 

3rd 

99 

1-5 

99 

43-531 

99 

4th 

99 

1-2 

99 

43-889 

99 

5ih 

99 

99 

99 

43-901 

99 

6th 

99 

99 

99 

43-901 

9» 

7th 

99 

99 

99 

43-842 

99 

8th 

99 

99 

99 

43-901 

99 

9th 

99 

99 

99 

43-850 

99 


The foflowing five consecutive experiments were made under 
similar drcumstances, 2-4 c.c. of acid used:— 


0'2692 grm. calc spar gave 43'751 per cent 00^, 


0-2706 

99 

43-744 

99 

0-2820 

99 

43-724 

99 

0-2634 

99 

43-741 

99 

0-2677 

99 

43-721 

99 

In the next experiments nitric adLd was 

used instead of 

IjQ^drndblorio, two parts of the pure nitric arid 

i 

i 

aaid jwjpt of -water. 
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0*3191 grm. calo spaar 1*4 add gave 43*934 CO^ per cent. 


0-3268 


1-2 

99 

43*924 

99 

0*3225 


97 

97 

43 904 

79 

0*3524 


97 

99 

43*974 

99 

0-3291 

92 

97 

99 

43*886 

99 


There are obvionsly at least two sources of error in experi¬ 
ments such as these just described; one is the solubility of the 
carbonic acid in the acid liquid, and the other is a slight altera¬ 
tion in the tensions of the gas in the measuiing tube, owing to 
a little of the acid being carried over into it. By using only a 
small excess of the dilute acid, the jSist source of eiior, as 
shown by tlie experiments, is capable of being almost entirely 
avoided. With regaid to the alteration of tension, it will be 
found that when a flask of about 120 c.c. in capacity is used, 
and the reaction not allowed to take place too violently, the 
alteration is very small indeed. In some of the experiments 
a little plug of cotton wool was placed in the neck of the 
flask. 

All oxides which give off carbonic add when mixed with 
oxalic and sulphuric acids are capable of being readily esti¬ 
mated by this process, A specimen of peroxide of manganese 
gave the following results:— 

1st experiment gave 58*156 MnO^ per cent. 

2nd „ 58*101 

In the following experiments hydrogen was the gas measured. 
Theoretically, 100 pts. of zinc diould give 30*769 of hydrogen, 

0*1818 grm. of common zinc foil, gave 3*052 per cent, hydrogen 
0*1901 „ „ 3*047 „ 

0*1946 „ „ 3*050 „ ft 

In this experiment 2*0 c.c. of water were put in the flask with 
the zinc, and 0*8 o.c. of sulphuric acid in the small tube. 

A specimen of pure zinc, given me by Dr. Matthiesseaa^ 
gave following results:— 

0*1941 grm. gave 3*079 per cent, hydrogen. 

3*2 O.C. of acid used, consisting of 3 parts of hydrochloric add 
and 1 part water. 

0*1835 grm. zinc, gave 3*078 per cent, hydrogen. 
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2’8 C.C. of add used, consistmg of 1 part sulplmrio add and 3 
parts water. 

0'2202 grm. zinc, gave 3*069 per cent, hydrogen, 

2*0 C.C. of water and 0*8 c.c. of sulphuric acid used. 

Some magnesium ribbon gave the following results. Theo¬ 
retically, the amount of hydrogen which 100 parts of magnesium 
should yield, is 8’333:— 

0*0720 grm. gave 8*256 per cent, hydrogen 

0*0755 „ 8*255 

0*0708 „ 8*268 „ 

0*0786 „ 8*282 „ 

In the last esperiment 1*4 c.c. of a mixture of 2 parts of hydro¬ 
chloric add and 1 part of water was used. 

A sp^pimen of magnesium, which had been distilled, was 
tried; 0*0702 grm. gave 8*281 per cent, hydrogen. 1*5 c.c, of a 
mixtm'e of 1 part of sulphmic acid and 3 parts of water used. 

The foregoing experiments will give some idea of the degree 
of accuracy which is very easily attaiued by this method. If a 
larger measuring tube wei*e used, and the gas not expanded so 
much, by using a lower mark on the pressure tube, no doubt 
still more accurate results would be obtained. 

It is believed that a process for collecting and accurately 
measuring the volume of gas given off in any reaction, will he 
found useful, and receive many applications The special ad¬ 
vantages of it as a means of analysis are, that accurate results 
are obtained by a very simple and quick process, and one which 
requires only small quantities of the substance operated on. 


XXXV.— Rough Notes on the formation of Nitre, as ohseroed in the 
North Western Provinces of India* 

By W. J. Palmer, M.D., P.B.C.S.L., Surgeon, Bengal Army, 
and Additional Chemical Examiner to the Government of 
India. 

A tSLASS car eaate of men, called sorawaUahs, firom the Hindu 
word sora, meaning nitre, make it the business of their lives to 
eo0aefc fee raw material, manufacture, and sell fee salt^ either 
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for local use, as a cooliag agent in fiigorific mixtures, or for 
exportation. 

The somwallaJi goes about the Tillage, examining the small 
surface drains which issue from holes in the mud-wall, usually- 
found around native dwellings and their cow-houses; when he 
detects a faint white veil-like patch of crystalline formation, on 
or near the dark-coloured borders of these little drains, he 
knows that a considerable quantity of nitre exists, on or near 
-the surface of all the surrounding earth; he accordingly pro¬ 
ceeds to scrape off a very thin layer of the surface soil, which 
he carries away to his place of manufacture, as soon as his 
morning’s coUecfcions are finished. On arriving there, -the im¬ 
pregnated earth so collected is thrown into an earthen vessel 
containing either water, or water which has been poured off 
from previous supplies of similarly impregnated earth. When 
the water so used is pretty well saturated, it is poured into 
shallow pans of unglazed earthenware, in which it is then ex¬ 
posed to the combined influence of hot winds and the solar rays; 
-these cause rapid evaporation, and the formation of crystals of 
niitote of potash, which, after one or two more crystallisatioiss, 
are^ready for sale. The mother-liquor, on being further evapo-» 
rated, yields a proportion of common salt, varying from one to 
seven or nine per cent. The aomwallak makes fresh collections 
from precisely the same spots of ground, from week to week, 
year to year, and from generation to generation, after the 
manner of the eastern world; the production of nitre is con¬ 
stant so long as the place continues to be inhabited; it even 
continues to appear in large, -though gradually deczmBing 
quantities, for years after the village may have been dssejcted. 
TI^ inteirvals at which fresh ooQeotipns may foe made from An 
same spoi» vary in differ^t localities, and in different seasons 
of the year, from one to seven, ten, or more days. Before sug- 
gestiug any theory of the mode of formation of this nitrSi it 
will be necessary to direct attention for a few moments to some 
points in the physical geography of the country, and in the 
economy of a native village, which differ widely from anything 
seen in Europe. 

Nitre is found in the plains of India, being most abundant in 
the parts most distant from the mountain ranges. The soil in 
these parts is composed of a very unifoam alluvium, or river- 
sand; for.a depth of more than 200 feet, -the tiaifrHmnty of 
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this is ouly broken by occasional thin layers of clay, indicating 
former river courses, and still more rarely by bods of I’ougb, 
nodular, friable, stony masses, called hmkur^^ each nodule of 
which is made up of granules of carbonate of lime so agglo¬ 
merated that they enclose much of the surrounding sand, the 
proportion of carbonate of lime varying from fifteen to seventy 
per cent. These beds lie in a horizontal plane, at depths varj^- 
ing from one to twenty feet; they are from six inches to thi’oe 
or four feet thick; from one to three yards wide; and from one 
to several miles in length, with occasional inten-uptions. The 
yield of nitre is abundant only where these beds of kmkar exist 
in the soil, and where at the same time the natural water level 
is from twenty to forty feet below the surface. In parts where 
the surface of the well-water is only a few feet below the level, 
there no nitre is gathered; it is probably carried away and 
diffused as soon as formed. Where, on the other hand, the 
water level is more than twenty feet from the surface, all the 
watery parts of fluids thrown on the sandy surface are drawn 
to the surface and evaporated by the powerful sim, the solid 
particles remaining on the surfece, to be gathered or wag*^ed 
away when the new rain falls. 

Climate .—For eight months in the year no rain falls in tlie 
nitre-producing parts of India; the soil is exposed to the con- 
ianuous influence of a dry wiud and a burning sun; during the 
remsdniug four months it is exposed to alternations of heavy 
tropical etonns of rain with thunder and lightning, and a burn-^ 
ing sun. The rain generally frbUs so rapidly that it rashes off 
ihe aur&ce of the earth into neighbouring rivers; some, how- 
^ever, soaks for a varying distance into the soil, where it 
dissolves any soluble material it may come in contact with, 
leaving it again on the surface as the water is drawn up and 
evaporated by the sun’s influence. A greater quantity of nitre 

is collected in the rainy season than in any other, although it is 

• 

* These beds of **hunhtr** are iateresbizu? as being ibe only stone-like formation 
^en for bimdreds of miles along the leR bank of the Ganges; as being the only 
available source of lime in the p'ains of India for ages ; and also in their formation. 
In the extreme hot dry season^ vater, holding bicarbonate of lime in solution, 
appears to be drawn np from the depths of the earth; as this approaches the surface 
the whole of the water and part of the carbonic aeid being driren-off, granules of 
leaxbonate of lime are deposited, wMdtt coalesdsg imperfectly form these rough 
ipRBiaUr nodules. 
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eyident ihat mudbL more must at the same time be washed 
away. 

TJie Village. —^The nitre-producing parts of India are more 
densely populated than England; the villages are large, and are 
made up for the mpst part of mud-honses surrounded by a mud- 
wall, which generally encloses the dwellings of a whole family, 
including uncles and aunts and their families, as well as grand 
parents and grand rclnldren; every family will have at least 
one pair of plough-oxen. The only drains from these houses 
are the small surface ones before alluded to, and the only fluids 
wrliich pass by these drains are urine and the small quantity of 
refube water brought to the house for culinary or drinking 
purposes ;* these drains open on to a small open plot of ground 
■where the drainage difinses itself, and is rapidly dried in the 
sim, the only other domestic refuse which fin^ its way to this 
spot being the daily contribution of wood-ashes, which results 
from cooking processes, any refuse food, or leaves used as plates 
by these people, being rapidly devoured by hungry eastern 
dogs, crows, or their own cattle. It now appears that we have 
all ^he necessary elements for the continuous production of 
nitre; there is urea in abundance, which, in the presence of 
carbonate of lime is probably converted into nitric acid and 
nitrate of lime by the influence of the severe thimder-storms in 
the rainy season, and possibly also by the active chemical in¬ 
fluence of the sun’s rays at other seasons. The nitrate of lime 
so formed is probably again decomposed by solution of carbonate 
of potash, giving rise to nitrate of potash, the solution of which 
is drawn to the sur&co of the earth in the ordinary course 
of evaporation, where it crystallises and is gathered by the 
Borawallah. The small amount of chloride of sodium associated 
with the nitre is also probably derived from the mine. 

The evidence in favour of this theory is 

Istly. That no other known source of nitre exists. 

^ An things re<][iiirizig vasliing in a naiiTe bouse are carried to a nrig^houring 
bank. All coarser refuse, as broken pots, Ac, are thrown into a bole made when 
the earth was dag to build the house. Ordure does not find a place in this plot of 
ground; as a rule, for it is the custom for all members of an Indian touaoboid to 
retire once daily, in the early dawn, to the " bushes ” or to a held, sheltered by a 
high growing crop, where they at once defecate and manure their land; at all other 
times in the day, urine is voided in the little open drain or gutter. Cow-dung does 
not find a ftlace there, it being invariably collected, dried in the sun, and used for 
cooking purposes. 
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2ndly. That nitre is found only in and near populous villages; 
that it continues to be found on the same spot of ground so 
long as it is inhabited, and gradually ceases when a village is 
deserted. 

Brdly. That the process is imitated successfully in some of 
our Indian gaols, where the expense of removing urine to a 
distance has been avoided by setting apart a plot of ground to 
receive it; lime is then added to this, in case it does not exist 
in the soil naturally, and all the refuse wood-aBhes are throvni 
in the same place. Nitre is formed, collected, and manufactured 
for sale to cover the cost of production. 


XXXVI.— IteBearches on Vanadiim^ 

By Henby E. Bosoob, B.A., Ph. D., P.R.S. 

pProm the Philosophical Transactions for 1868, being the Baheiian Lecture 
d^yered before the Bojal Society, December 19,1867.] 

1. Introdtjotion. 

AfdONdST the physical pT<SpertieB which point out the general 
riallKtionship md ol^ssificatLon of chetnical substances, none has 
so obtained the confidence of chemists as isomoiv 

phism. The Vanadium compounds have, however, proved a 
remarkable and unexplained exception to the conclusions which 
generally follow from well ascertained identity of crystallino 
form. 

Rammelsberg,* and afterwards, more completely Schabus,t 
pointed out the fact that the mineral vanadinite from several 
localities (a compound of lead vanadate and lead chloride) is 
isomorphouswith apatite, pyromoiphite, and niimetesite, minerals 
consisting of calcium phosphato-fluoride, lead phosphato-chlo- 
ride, and lead arseuato-chloride, having the formulae 
CaFl^; 3{Pb3P208).PbCl2, and 3(Pb3As208).Pba2. The crystal¬ 
line form of all these minerals is a hexagonal prism terminated 
by six-sided pyramids. The angle P ; P (terminal) found by 

^ # pogg. Aim. Bd., xcviii, p. 249 (1866). 

t XbhL Bd., c, p. 297 
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Eammelsberg for vanadimte, and by different observers for 
the other minerals, is as follows :— 

(1) Vanadinite .. 142® 30'; (3) Pyromorphite 142® 15'; 

(2) Apatite -142® 20'; (4) Mimetesite .. 142® 7'; 

and the relation of the axes 

(1) 1; 0* * * § 727; (3) 1:0-736; 

(2) 1:0-732; (4) 1:0-739. 

So fer, indeed, has the isomorphism of these compotmds been 
traced, that in many specimens these minerals have been found 
to crystallise together in all proportions; and Heddle* de¬ 
scribes a crystal in his possession the upper half of which con¬ 
sists of vanadinite, and the lower half of pyromorphite. 

We are indebted to the researches of Berzelius for almost 
all we know concerning the chemical relations of vanadium and 
the composition of its compounds. From his celebrated inves¬ 
tigation on Vanadiumt (1831), the results of which have since 
been more or less completely confirmed by SohafarikJ and 
Czudnowicz,§ it appears that the formula of vanadic acid is 
VO3. Hence it is evident that we have here to do with either 
a case of dissimilarly constituted substances acting as isomor- ' 
phous bodies and crystallising together, or else the conclusions 
of Berzelius are erroneous, and the true formula of vanadic acid 
is corresponding to the pentoxides of phosphorus and 

arsenic. The first of these alternatives has been properly 
accepted by most chemists as the only present solution of the 
difficulty, iuasmuch as the definite experimental data given by 
Berzelius render the assumption of any other fo(miula but VOg 
for vanadic acid perfectly gratuitous in the absence of 
ments proving these data to be erroneous. 

Berzelius based his conclusions on the following experi¬ 
ments, viz. (1) the constant loss of weight whicli vanadic add 
undergoes on reduction in hydrogen at a red heat; (2) the 
action of chlorine on this reduced oxide, when a Volatile cidoride 
is formed and a residue of Vanadic add remains, which is found 
to be exactly one-third of the quantity originally taken for 

* Greg and Lettsom’s British Minexalogy. pp. 409-4X0 (1S5S 

t Pogg. Ann. Bd. acxii, p. 1 (1831). 

t Ann. Oh Pharm. dz, p. 84 (1859). 

§ fiygg, Ann. Bd ezz, p. 33 (1863). 
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are anliydro-salts, sxmilax in constitution to tte auliydro-Balts 
of cliTomic and boric acids. 

( 8 .) Vanadium nitride has been prepared, which, on analysis, 
was shown to contfiin 51'3 parts by weight of vanadium to 
fourteen parts of nitiogen. 

All the reactions according to which vanadic acid was sup¬ 
posed (Berzelius, Rammelsberg, Schafarik, &c.) to contain 
three atoms of oxygen with an atomic weight V = 67“3 can 
eq[ually well be explained when V^Og (V == 51-3) is taken to 
represent the composition of this substance. That this is the 
case is seen from the following:— 

Berzelius’s fonnitlaa 

(V « 68-5. 0 = 8.) 

(1) VO 3 + Ha = VO + HaOa 

( 2 ) SYO + Qs = VO 3 + 2 VCI 3 

Kew fotmaltB. 

(V ■= 61 - 8 . O - 16 .) 

(1) VaOs + 2Ha = + 2HaO 

(2) SVaO, + 6Cla = YaOs + 4Y0C!l3 

n. OoomumoB Aim Pkeiparation of the Yanadidm 
O oupotnm& 

1. The soTiTcea o£ Tdnaditxm, althongh uamerottB) have up to 
-&e present time yidded the compounds of tins metal in sudi 
extremely small quantities, that vanadium salts may still he 
counted amongst the greatest of chemical rarities; and con¬ 
sequently the satis&ctory investigation of their properties has 
proved so difficult that contradictory statements, concerning 
even foudamental points, are made by recent experimenters. 
My attention was directed some time ago to the occurrence of 
vanadium in some of the copper-hearing beds of the Lower 
Eeuper Sandstone of the Trias, worked at Alderley Edge and 
Mottram St. Andrews, in Cheshire; and Iwas forhmate enough 
to secure a plentiful supply of this rare metal by the pur¬ 
chase of a lime precipitate containing vanadium, which had 
been obtained as a residue in tiie extraction of colklt from the 
oobfdt-bed sandstone at Mottram, hy the Alderley Edge Copper 
Ifinffitg Company. The geological features of the reiparkahle 
of metalEo salts, which occurs m this Keuper Sand- 
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stone liave been well described Mr. Hull.* The horizontal 
beds of sandstone contain copper as blue and green carbonates, 
lead both as carbonate and as galena, cobalt as black cobalt- 
ochre, and iron oxides, all in workable quantities, together with 
arsenic, silver, manganese as dioxide, and barium as heavy 
spar. The sandstone is of a soft and uniform texture, and is 
metalliferous to a depth of at least 60 feet; it is coloured 
variously from green and brown to black, according to the 
nature of the covering of metallic ore which surrounds the 
grains of sand. The following arrangement of the beds is 


given by Mr. Hull:— 

ft, ill. 

1. Teflowisb sandstone... 4 0 

2. Shaly clay with a band of copper-sand at the bottom 2 6 

3. Ferruginous sandstone, with large nodules contain¬ 

ing carbonate df lead .. 6 0 

4. Cobalt bed, laminated sandstone containing earthy 

cobalt ... 4 6 

5. White compact sandstone, with carbonate of lead., 5 0 

6. IronHstained sandstone, with cobalt, manganese, and 

iron ... 12 0 


The copper is disseminated throughout the sand in quantities 
on an average of not more than from 0*5 to 2*5 per cent.; it is 
dissolved out by hydrochloric acid, and the metal precipitated 
from the solution by scrap iron. The lead is contained in small 
crystals throughout the mass, and is separated from the sand 
by macei’ation and washing; some of the rock contains as 
much as from 30 to 40 per cent, of the ore. 

The sandstone from which the vanadium precipitate was 
prepared possesses a light colour, and contains from OT to 0*3 
per cent, of the oxides of cobalt, nickel, and copper dissemi¬ 
nated as small black, green, and red specks throughout the 
mass. After crushing, the metals were dissolved out by hydro¬ 
chloric acid; bleaching liquor and milk of lime were then added 
to alkaline reaction; a portion of the copper, together with the 
whole of the nickel and cobalt, then remained m solution, whilst 
the lead, iron, arsenic (partly derived from the acid used), a little 
copper, and ihe vanadium were precipitated. As the Mottram 
mine is now closed, I have been unable to obtain a sample of 

♦ Geola^eal yob b P* 

2 B 2 
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the above-mentioned sandstone for examination, and therefore I 
cannot state positively whether the vanadium occurs as vana- 
dinite, although for other reasons I am inclined to think that it 
does. 

The above-mentioned lime precipitate was believed by the 
manager of the mines to contain about 10 per cent, of copper; 
but when it was dissolved in acid and the copper thrown down 
by zinc, the solution still retained a bright blue colour, which I 
soon recognised as being due to vanadium. A rough analysis 
of the crude lime precipitate shows that it contains about 2 per 
cent, of vanadium, together with lead, arsenic, iron, lime, and 
sulphuric and phosphoric acids. 

In order to prepare pure vanadium compounds in quantity 
from this material, I was glad to avail myself of the kindness 
of my friends Messrs. Roberts, Dale, and Co., who were good 
enough to place their works at my disposal for this purpose. 
Three cwt. of the crude material was dried, and then finely 
gronnd with foui* times its weight of coal, and the mixture well 
fumaced with closed doors for several days, until the greatest 
part of the arsenic had been driven off. The coal having been 
thns burnt off, the mass was then ground up with one quarter 
of its weight of soda-ash, and well roasted in a reverberatory 
frimace with open doors for two days, to oxidize the vanadium 
to a soluble vanadate; the mass was then lixiviated, and the solu¬ 
tion drawn off from insoluble matters: the liquid was acidified 
with hydrochloric add, and sulphurous add was then passed 
into the solution to reduce the arsenates, when the reinaining 
arsenic was preo^itated hy sulphuretted hydrogen. 

The deep-blue solution thus obtained was carefully neutralised 
by ammonia (an excess causes much of the vana^um to pass 
into solution), the predpitated vanadium oxide washed on doth 
filters, oxidized by nitric add, and evaporated to dryness. The 
well-dried crude vanadic acid was then boiled out with a satu¬ 
rated solution of ammonium carbonate, which left iron oxide 
and caldum sulphate, alumina, &c., insoluble, and the filtrate was 
evaporated until the insoluble ammonium vanadate separated 
out. This crude vanadate was then washed with sal-ammoniac 
solntion, to free it from soda-salt, and recrystaUised. In order 
to prepare firom this salt pure vanadic acid, it was roasted in the 
air^Apd the powdery acid obtained was suspended in water, into 
yviSm ammonia gas was passed; the dissolved ammonium vana- 
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date was separated by filtration firom a residue containing 
phosphates, &c-, and was crystallised by evaporation in 
platinum ; the pentoxide obtained from this salt was free from 
phosphorus. Another mode, which was adopted in order to 
obtain perfectly pure vanadium pentoxide, was to prepare the 
pure oxychloride, which, on being decomposed by water, 
yielded the acid as a fine orange-coloured powder. In order 
to firee this powder from any trace of obstinately adhering 
silica, it was moistened with sulphuric acid, and exposed in a 
platinum vessel for some days to hydrofluoric acid gas; after 
expelling the sulphuric acid and on fusion, a mass of large 
transparent crystals of chemically pure vanadic acid was 
obtained. 

The vanadium minerals appear invariably to contain more or 
less phosphorus, and this fact in itself serves to establish the 
close relationship which exists between these two elements. 
The complete separation of this substance from vanadium is 
attended with great diflSculty: if much phosphorus is associated 
*^th the vanadium, the method which has proved mostefiectual 
for its removal is to deflagrate the finely divided impure acid 
with its own weight of sodium in a well-covered wrought-iron 
crucible, and wash the resulting mixture of vanadium oxides 
decantation, until the wash-water ceases to give an alkaline 
reaction; frequently this operation had to be repeated three 
rimes before the molybdenum test ceased to indicate phosphorus. 
In other preparations, in which the phosphorus had been more 
completely removed by previous operations, the process described 
above of repeated crystallisation of the ammonium salt, was 
found capable of furnishing a product in which no trace of 
yellow precipitate was produced molybdenum. 

The action of even traces of phosphoric acid on vanadic add 
is most remarkable; if present in qnantiiies exceeding 1 per 
cent, of the weight of the vanadium, phosphoric acid altogether 
prevents the czystallisarion of the vanadic add, and the fused 
mass possesses a glassy fracture, and a black vitreous lustre; 
this effect is not produced by the presence of either silica, 
arsenic, or the lower oxides of vanadium. Still more singxilar 
is the protective influence which even traces of phosphoriq add 
exert upon the reducing action of hydrogen on vanadic add at 
a red heat. Thus a mixture of pure vanadic add with 1 pear 
cent, of phosphorus pentoxide weighing 1*5883 gnn., on ignition 
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in a oTnrent of hydrogen, lost only 0*0007 grm.; if no phospho- 
nis had been present, it mnst have lost 0*2784 grm. 

in. Atomic Weight Determination of Vanadium by Reduc¬ 
tion OF Vanadium Pentoxidb in Hydrogen. 

The method originally adopted by Berzelius for the deter¬ 
mination of the atomic weight of vanadium, viz., the reduction 
of vanadic acid in a current of hydrogen, is perfectly trust¬ 
worthy, inasmuch as the reduced trioxide (the suboxide of Ber¬ 
zelius) does not undergo any farther change when the tem¬ 
perature is raised to a bright red heat, and the reduction of the 
pentoxide to trioxide at temperatures much below this is per¬ 
fectly definite. The number obtained by Berzelius according 
to this method was V = 68*5; the exact number which the fol¬ 
lowing experiments yield, when calculated on Berzelius’s 
hypothesis, is 67*3. 

In the following determinations of atomic weights, the quan¬ 
tity of powdered pentoxide employed was always more than 
5 grms.* It was placed either in a bent tube of hard glass, 
which when heated in a magnesia bath, was found not to lose 
more than 0*0001 grm. after repeated ignition and cooEng, or 
in a platinum boat enclosed in a glass tube. 

Before ^eduction the powdered vanadium pentoxide was 
gently heated in a current of dry air, until the weighings, after 
two successive operations, were found to be constant. After 
the reduction, the tube was allowed to cool completely in a 
current of hydrogen, and this gas was then displaced by a 
stream of dry air. If the reduced oxide be even slightly warm 
when it is exposed to the air, it absorbs oxygen, suddenly 
glows, and is superficially converted into a blue oxide; if, how¬ 
ever, the oxide be cold, it may be exposed to dry air for some 
time without change of weight, an experiment in which nitro¬ 
gen was suhstitutod for air giving results identical with those 
in which air was used. 

In the experiments in which the oxide was contained in the 

* In ordfir to ensoze aecuiftcyf it is absolutely necessary to employ a larger (quan¬ 
tity of material than was taken by Berzelius. The largest amount wbic^ he used 
vas 2*2^85 grms. yanadic acid, and the smallest 0*6499 gnn. An error of one 
inUligvainxne on the brat weight will produce a variation of ^ 0*2 in the atomio 
weight, whiSst a similar error on the smaller quantity would throw out the result 
by db 0*7. If S grms. of sahstanoe are operated upon the variation ariting 
milligniiauae error is =b 0'086L 
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glass tube, the latter was carefblly stoppered, and allowed to 
remain for half an hour in the balance-case before weighing; 
when the platinum boat was used, it was carefully withdrawn, 
with the reduced oxide, &om the combustion-tube, and placed 
in a stoppered test-tube for weighing- These precautions are 
absolutely necessary in order to ensure aecuraxgr, owing to the 
hygroscopic nature of the trioxide. 

The hydrogen employed was most carefblly purified and 
dried; all joints and stoppers in the apparatus were well secured 
by copper wire and paraffin. The gas passed through solutions 
of silver nitrate, sodium pyrogallate, caustic soda, and sulphuric 
acid, and a tube filledi with metallic copper kept red-hot during 
the experiment was placed before the final drying-tube, to 
ensure absence of oxygen. In order to ascertain whether 
atmospheric oxygen diffused into the apparatus, a weighed 
tube containing phosphorus pentoxide was attached to the 
further end of the combustion-tube dming an experiment, and 
allowed to remain for four hours whilst hydrogen was passing 
through the heated tube; aii the end of the operation the drying 
tube had gained only 0‘0002 grm., proving the absence of dif¬ 
fused oxygen. Fox the purpose of drying the hydrogen, boiled 
sulphuric acid alone can be used. In many of the preliminary 
experiments phosphorus pentoxide was used in the last drying- 
tube, and in all these cases the reducing action of the hydrogen 
was not complete,, the numbem thus obtained for the atomic 
weight being all too high. After much labour this was found 
to be entirely caused by small traces of the light particles of 
the phosphorus pentoxide, which were invariably carried over, 
in spite of stoppers of ootton-wool, with the air and hydrogen 
into the vanadic acid, the presence of the smallest quantity of 
phosphorus pentoxide rendering, as has been shown, the com¬ 
plete reduction of the vanadic add impossible^ 

1. The vanadic add used in the following determinatioBS was 
prepared from ammomum vanadate by roasting; the add thus 
obtained was found to oontam traces of phosphorus and silica. 
To free it from these substances it was treated as follows: the 
powdered add was first deflagrated with its own wdght of 
metaUic sodium in an iron crudble, the reduced! oxide completely 
washed by decantation, treated with hydrochloric add to free 
it from iron, and oxidiaed with nitric add. This vanadic add 
was then reduced in a current of hydrogen, and converted into 
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the oxychloride by heating in a current of chlorine; after recti¬ 
fication the chloride was decomposed by water, and the resulting 
powdery acid dried and afterwards moistened with pnre sul¬ 
phuric add and exposed in a platinum yessel for ten days to 
the action of hydrofluoric acid gas. On fusing and cooling this 
purified acid, dark red transparent crystals, five to six centi¬ 
metres in length, were obtained, stretching across the bottom 
of the basin. 

The formula of vanadio acid being VgOg, and that of the 
oxide obtained by reduction VgOg, the atomic weight of vana¬ 
dium is found firom the eq^uation 

8(5i-3a) 
a-b ’ 

where a s the weight of vaziadic add taken, and h ■=: the 
weight of reduced oxide obtained. 

Four experiments gave the following results:— 

L a = 7*7397; h => 6*3827; therefore V = 51*257 

n. « = 6*5819; h = 5*4296; „ V = 51*391 

IIL a =5 5*1895; b = 4*2819; „ V = 51*485 

IV. a = 5*0450; b « 41614; „ V = 51*353 

Mean. 51*371 

Hence we ma^ assume the atomic weight of vanadium, as 
obtained from the reduction of pentoxide to trioxide, to be 51*4 
and probably true to within ± 0*07. 

Ber!!eliuB*s mean number, calculated for YgOs, is found to be 
52*55 with a mean error of 0*12, whilst the subsequent esthna- 
tions of Ozudnowicz serve only as an approximate control of 
Berzelius’s number, giving a mean of 55*35 with a mean error 
of 2*33. 

The &ot that these older determinationB all give a higher 
iramber than the above experiments, shows either that the add 
was not fully oxidised, or more probably, that the oxide was not 
«(»npletely reduced. It has already been stated (1) that the 
presence of the slightest trace of phosphorus prevmits the oom- 
;^ete zeduotion of the pentoxide to trioxide in hydrogmi; (2) 
that all the naturally occuixing vanadium ores contain pho^ho- 
roB, which can only be detected, when present in amall traces, 
by xDjoiyhdiG add, a test unltnown in Berzelius’s time; and (3) 
Hbatlhe oomplete eepazation of phosphorus from vanadium i «9 
great diEBcntfy. Hence we may frhrly oondude 
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tliat the difference of 1’15 in the atomic weight between the 
aboye experiments and. those of Berzelius is due to the presence 
of small traces of phosphoros in the vanadic acid used by the 
great Swede.* 


W. The Tanabium Oxides. 

The oxides of yanadium, of which Berzelius determined the 
composition were three in number:— 

1. The suboxide, or lowest oxide, obtained by reducing 
yanadic add in hydrogen. This oxide Berzelius supposed to 
contain one atom of oxygen, and gave to it the formula 
VO = 76-5. 

2 . Vanadic oxide, to which Berzelius gave the formula 
VO 2 = 84-5, founding his view upon the analysis of a hydrated 
sulphate, as well as on that of the predpltated oxide dried in. 
vacuo. 

3. Vanadic add, VO 3 = 92*5, was shown to contain three 
times as much oxygen as the suboxide* 

Berzelius desczribes several other intermediate oxides, but 
he did not isolate or analyse any of them. 

All these three oxides exist, and possess in the main the pro- 
perties which Berzelius assigns to them; they all,however, 
contain, for every one atom of Berzelius’s vanadium ( 68 * 6 ), 
one additional atom of oxygen (O =s 16), with the existence of 
which he was unacquainted. Besides these oxides, a still lower 
one has been found containing one atom less oxygen than 
Berzelius’s suboxide, and therefore having the atomic weight 
of Berzelius’s metal; this oxide acts as a radical; it may be 
termed vanadyl, VO, and may be supposed to exkt in the 
higher oxides. 

Thus we have (V ^ 51**3):— 

1 . Vanadium dioxide, or vanadyl, V^Oy 

2 . Vanadium trioxide (Berzelius’s suboxide), or 

VgOfl + 0. 

3. Vanadium tetroxide (Berzelius’s vanadic oxide), V 3 O 4 , 
or VgOg + Oy 

4 . Vanadium pentoxide (vanadic acid), VgOg, or V^Og + O 3 . 

^ Sance the above irntbea I have been fqrtniate eneagb, tfaroogh the hjnd- 
nessof Dr. JPrankland, to be aide to exaadne a spedmen of amxnoiuvm vmr 
date, sent by Berzelius to Earaday in XSdl, and I find that this ecmtsins veiy 
condderableMjtiantitijeB of phosphoonus,—H. 3L iL, July XSdSL 
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1. Vanadium IHoaside (or Vanadyl), = 134-6.—In its 
power of uniting with oxygen, vanadium surpasses even 
uranium, as observed by Peligot.* Like uranium, the metal 
vanadium is so extremely dfficult to separate from its last atom 
of oxygen, and the lowest oxide is found to enter as a radical 
into so many compounds, that to this oxide the name vanadyl 
(VO) may appropriately be given. 

Vanadium dioxide can be obtained in the dry state, as a grey 
powder possessing a metallic lustre, by passing the vapour of 
vanadyl trichloride (VOCI3), mixed with excess of hydrogen, 
through a combustion-tube containing red-hot carbon. Lower 
solid oxychlorides (see page 347) are found to be deposited in 
the further portions of the tube, whilst vanadium dioxide 
remains as a bright grey metallic powder mixed with the char¬ 
coal. On strongly igniting this mixture in a current of hydrogen, 
every trace of cUorine is removed, and a pure mixture of char¬ 
coal and dioxide remains. 

Vanadium dioxide possesses a grey metallic lustre, dissolves 
in adds without evolution of hydrogen, and yields a lavender- 
coloured solution which bleaches strongly. Vanadium dioxide 
is insoluble in water. 

Vanadium Dioxide in solution .—^If the dark-red solution ob¬ 
tained by dissolving finely powdered vanadium pentoxide in 
strong l^iHng sulphuric add be diluted with fifty times its 
bulk of water and then digested with metalUc zinc, the liqxdd 
rapidly changes colour under the influence of the nascent hydro¬ 
gen, passing throxigh all shades of blue and green, until, after 
lapse of some time, it assumes a pennanent lavender or violet 
tint. The vanadium is then contained in solution in tlie lowest 
degree of oxidation (V^Og = 134-6) as sulphate, and this com¬ 
pound absorte oxygen with such avidity as to bleach indigo and 
other vege^le colouring-matters as quickly as chlorine itself 
and acts iar more powerfully than any other known reducing 
agent. In order to estimate the degree of oxidation of the dis¬ 
solved vanadium, a standard solution of potassium permanganate 
was added to the reduced liquid until a pennanent pink colour 
was produced, experiments with vanadium trioxide of known 
composition having proved that this point is that of maximum 

i 

* Azm. Oh. Phja, 8 tomes r and zu. * 
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oxidation (VgOg), and that it can be accurately reached provided 
an excess of Bulphnric acid be present.* 

The calculated loss of oxygen on 100 Yanadinm pentoxide5 
when reduced to the dioxide VgO^, is 26*3; the mean experi¬ 
mental number obtained was 26*53. 

Redv^Uon with Cadmiim, and Sodium Amalgam, —If solutions 
of vanadium pentoxide in sulphuric acid be reduced by cad¬ 
mium (platinum scraps being added to fiicilitate the evolution 
of hydrogen), or by an amalgam of sodium, the ultimate result 
is the formation of the lavender-coloured solution of the dioxide. 

The mean of these six determinations thus made gave 26*3 
as the loss on 100 parts of vanadium pentoxide, exactly corre¬ 
sponding to the calculated numbers. 

The salt formed by the reducing action of hydrogen in pre¬ 
sence of the above metals and sulphuric add is doubtiess a 
vanadium sulphate, that is, sulphuric add in which the equi¬ 
valent quantity of hydrogen is replaced by the metal. I have 
yet to determine the composition of these salts. When am- 
moxiia or caustic potash is added to the lavender solution, a 
brown-coloured predpitate, probably of vanadium hydroxide is 
formed, and this instantaneously absorbs oxygen. 

On aflowing the neutralized lavender solution to stand 
exposed to air for a few seconds, the colour changes to a deep 
chocolate-brown; so rapid, indeed, is this change of colour, 
when nearly the whole of the free acid is neutralized by zinc, 
that such a lavender solution may serve as a reagent for the 
detection of free oxygen, not inferior in delicacy to an alkaline 
pyrogallate. When a current of air is passed through the 
lavender solution of sulphate in presence of excess of add, 
oxygen is absorbed, the colour of the liquid gradually changes 
to a bright and permanent blue, and tbe vanadium is contained 
in solution as tetroxide, two atoms of oxygen having been 
taken up (see tetroxide, page 338). If the free add contained 
in the lavender solution of vanadium sulphate be completely 
neutralized by zinc, and air passed through, th^ liquid assumes 
a permanent brown colour, which on addition of adds turns 

• This jnethod of estimation ma piopoFod and used by Ozndnowic* (Pegg. 
Ann. Bd cxx, p 87); the resolts described by bim differ, however, altogether tttm 
my own He did not obtain the laTendeavcolonred solnrion by the adiou of 
and it is clear that in his experiments the redoeing notion of the hydrogen ww net 
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green, md ihe Tanadinm is contained in solution as trioxide 
(see trioxide, page 336). The point of the reduction at which 
the bleaching action commences is easily ascertained by testing 
the liquid from time to time with litmus paper. The changes 
in colour which the sulphuric acid solution of vanadium pent- 
oxide undergoes when treated with zinc may be divided into 
seven stages. 


stage 

Colonr. 

Heaetion. 

State of oudation of the xnetid. 

1 

Careen... 

Acid. 

Vanadium pentoxide to ietroxide. 
Vanadium pentoxide to tetroxide. 
Vanadium tetroxide. 

Vanadium tetroxide to trioxide. 
Vanadium trioxide to dioxide. 
Vanadium trioxide to dioxide. 
Vanadium dioxide. 

2 

RIhirTi gTAATI. 

Acid ..* 

s 

Blue. 

Acid.. 

4 

Gi^ziish blue .... 

Acid.. 

5 

Green.. 

Biefudiefl slightly 
Bleaches strongly 
Bleaches strozigly 

6 

Blmab Tifl^et. 

r 

Lavender or violet. 


This shows that the bleaching action commences in stage 5 
with the formation of the dioxide. A quantitative experiment 
made in the same way showed that the bleaching action of the 
reduced solution ceased when to 100 parts of the dioxide 9'5 
parts of oxygen had been added; in order to pass oomplotely 
into trioxide, 11*9 parts of oxygen would have been needed. 

The reduction of vanadium to dioxide by means of nascent hy¬ 
drogen in presence of zinc, serves as an easy and accurate method 
of estimating vanadium when mixed with certain other metals. 

2. Vanadizm THoadde [ihe suboxido of Berzelius), « 
ISO-Bd—^The anhydrous trioxide is obtained, as is well known, 
by reducing vanadium pentoxide in a current of hydrogen at a 
red heat. It is perfectly stable up to temperatures approaclung 
a white heat; and even when heated in a current of hydrogen 
to this temperature, the trioxide does not lose weight. 0'411 
gnn. vanadium pentoxide, when reduced in hj drogeu and heated 
for two hours to whiteness in a wind famace, yielded 0“366 grm. 
of black trioxide, the theoretical quantity being 0*368 grm. 

In addition to the complete description of the propoiiaes of 
the oxide given by Berzelius, I have only to add that it 
undergoes oxidation, not only glovring rapidly when exposed 
whilst warm to the air, but Htewise slowly when exposed to 
the air at ordinary temperatures. Black amorphous trioxide, 
when allowed to stand exposed to the air for some months, 
undergoes a remarkable change; it takes up an atom of oxygen. 
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and is transfonaed t(f small dark indigo-coloured crystals of 
tetradde (see page 338). 

Vanadizim Trioaside in 9ohdion, —^The trioxxde is insoluble in 
acids, but it may be obtained in solution as follows:—solu¬ 
tions of vanadium pentoxide in sulpliUTic acid are diluted and 
treated witb excess of metallio magnesium, the changes of 
colour which are observed when zinc, cadmium, or sodium 
amalgam are used do not continue beyond the gi*een, and 
the liquid contains vanadium trioxide in solution. Thus the 
observed loss of oxygen on 100 was 17-6, whilst the 
calculated loss is 17*5. 

Solutions of vanadium trioxide can also be obtained by 
partial oxidation of the lavender-coloured solution of dioxide. 
If a current of air be passed through a reduced solution iu 
which the free acid has been neutralized by excess of zinc, and 
the remaining metallic zinc removed, the liquid attains a per¬ 
manent brown colour, which, on addition of a few drops of add, 
turns to green. Both the brown and green liquids contain tri¬ 
oxide in solution, the dioxide having taken up one atom of oxygen. 

In this way 100 parts of vanadium dioxide were found to 
have absorbed (1) 13*05 and (2) 12*96 parts of oxygen; to pass 
to trioxide, 11*9 parts are required# 

If a few drops of acid are added to the brown solution, which 
does not undergo change even when air is passed through for 
several days, it immediately turns greexi, but does not undergo 
any alteration as regards its oxygen. Thus a brown solution 
was divided into two equal parts; the one which was oxidized 
whilst neutral and brown required 12*13 per cent, of oxygen; 
the other, to which a few drops of hydrochloric acid were added, 
became at once green, and required 10*82 per cent, of oxygen 
to raise it to 

Action of Chlorine Vanaditm Triojside .—^The action of 
ehloxineupon this oxide led Berzelius to give to itthefonnula 
VO, (V = 68*5); but, as stated, the fact Siat one-third of the 
vanadium remains in combination with oxygen in the residual 
vanadio acid, follows equally from the formula VjjOg when 
V=s51’3. Thus:— 

3 + 6 CSla « V^Og + 4 VOCI 3 . 

The composition and constitution of the salts fcertoing the 
green solution still remain to be ascertained. 
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3, Vanadium T^oxidsy V 2 O 4 = 166-6 (the vanadio oxide of 
Berzelius).—^The anhydrous tetroxidewas obtained by Ber¬ 
zelius* by precipitating the hydrated oxide from a sulphate 
with sodium carbonate, washing, and igniting in a vacuum to 
freeit fi-om water. On reducing in hydrogen, Berzelius found 
that 0-762 grm. yielded 0*691 grm., or 90‘67 per cent, of his 
suboxide ” (V^Og, V = 51-2); and hence he legitimatply con¬ 
cludes that vanadic oxide has lost as much oxygen as the 
suboxide contains,—^that is, as much as he thought it contained, 
for V 2 O 4 yields 30'36 per cent, of V^Og s— 

VjOa + 0 = VA- 

^2^2 +02 = V2O4. 

The anhydrous tetroxide can also be prepared by the slow 
oxidation of the black trioxide at the ordinary atmospheric 
temperatoe. It possesses an indigo-blue colour, and under the 
microscope is seen to consist of brilliant blue shining crystals. 
This remarkable change occurs when the black trioxide is 
exposed for several weeks to the air, and it has been repeatedly 
observed. 1-1686 grm. of the blue crystals thus obtained, 
having been dried completely under the air-pump, yielded 
1-2688 grm. vanadium pentoxide, corresponding to a percentage 
increase of 8-67 i 100 parts of the tetroxide require 9*59 parts 
of oxygem for conversion into the pentoxide. These blue 
mystals are anhydroxis. A weighed portion oi trioxide was 
exposed to the air and from time to time dried in vacuo and 
weigjied. On Ifovember 18th, 1866, the weight of the black 
tjioxide was 0*7507; on February 4rth, 1867, the colour had 
changed to a bluish black, and the Weight was 0*8112; on 
March 25th, the colour had become blue, and the weight of the 
oxide was 0*8267, showing a percentage increase of 10*13, or 
an absorption of nearly one atom of oxjrgen, as 100 of trioxide 
require 11*87 of oxygen for conversion into the pentoxide. 
On further exposure blue oxide increases in weight, again 
dbafages colour to a dark olive-green, and a hydrated oxide is 
frxrmed. 

Vanedhm Tstroieide in Solution. —^Solutions of the salts of 
vanadioun tetroxide are bright blue, as described by Berzelius. 
T|jey may be obtained ( 1 ) by the action of moderate reducing 

* Vcjfs, Ana. Bd. xdi, p. 19. 
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agents, such as sulphur dioxide and sulphuretted hydrogen 
(probably also oxalic acid, sugar, alcohol, &c.) upon solutions of 
vanadium pentoxide in sulphuric add; (2) by the action of a 
current of air upon the add solution of vanadium sulphate, 

(1.) If sulphur dioxide or sulphuretted hydrogen be passed 
into the yeflovp- solution of Vanadium pentoxide in dilute sul¬ 
phuric acid, the liquid becomes permanently blue, no green or 
violet colour being obtained by the continued action of these 
reducing agents. In order to determine the state of oxidation 
of the metal, these blue solutions were boiled in an atmosphere 
of carbonic acid until every trace of the reducing agent was 
expelled, and on cooling standard permanganate was added 
until the pink tint was noticed. 

The experiments gave a mean loss of 9*03, whereas theory 
requires a loss of 8*75. 

(2.) When a current of air is passed through acid solutions 
of the dioxide^ a permanent blue colour is attained, two atoms 
of Oxygen have been absorbed, and the solution contains 
tetroxide. 100 parts of vanadium dioxide were found to have 
absorbed (1) 20*9, and (2) 23*4 parts of oxygen; to pass from 
the dioxide to the tetroxide, 23*78 per cent is needed. The 
sulphate obtained by evaporating the blue solution contamiug 
this oxide was analysed by Berzelius, and it may be regarded 
as a vanadyl sulphate, or sulphuric acid in which hydrogen is 
replaced by vanadyl. 

4. VaTiadiwn Pmtoxide (vanadio acid, molea weight 

182*6)-—^The properties of vanadio acid have been fiilly described 
Ifj Berzelius; the only important addition to our knowledge 
of this oxide made since bis time is the deterxnination of the 
crystalline form (rhombic prisms) made by NordenskjSld.^* 
In the present communication 1 propose to discuss the pro¬ 
perties and composition of vanadic acid and the vanadates, 
only so far as is necessary for the purpose of elucidating the 
true atomic weight of the metal. 

CoTistituiion of the so-called Monova/nadcOes *—^The analyses 
made by Berzelius of the ammonium and barium vanadatest 
suffice to point out the true character of these salts. The 
formulse which he there gives, assuming the atomic weight of 
the metal to be 68*5, show that these compounds must be con^ 


* Pogg. Ann. Bd. cxii, p. 160. 


+ Ibid.Bd.xrii,p.49. 
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eidered as metavanadates wlien the atomic weight oi the metal 
IB tdken to be 51’3« 

Berzeliuses formulae. T » 68% 0 » 8. 

Vanadate of ammonia, NH 3 VO 3 -f* HO. 

Vanadate of baiytai, BaOVOg. 

B’ev fomulss. T = 51*S, 0 = 16. 

NH 4 VO 3 , ammonium metavanadate, 

BaVgOg, barium metavanadate, or 2 YQ^ 04 . 

Constiiutton of the so-called Bivanadates .—The bivanadates 
obtained by the cautious addition of acetic acid to the mono¬ 
vanadates, according to Berzelius’s directions, have been 
analyzed by Von Hauer.* The ammonium and sodium bivan¬ 
adates were foimd to correspond with the formulas NH 4 O. 2 VO 3 
and Na 0 . 2 V 03 , where V »= 68*5 and 0 = 8 . If we assume 
V = 51*3 and 0 = 16, these salts will be expressed by the 
formulsB and Na 2 V 40 ii; or they may be represented 

as anhydrchsalts^ either 2 NH 4 VO 3 -I- V^Og and 2 NaV 03 + VgOg, 
or else as Na 4 V 207 + SV^Og as an anhydro-salt of sodium 
pyro-vanadate. 

Constitution of the Normal Vanadates .—That vanadio add in 
its nosrmal state is tribasic is shown by the &ot first pointed out 
by Czudnowiozti that when vanadium pentoadde is fused with 
an ecsoess of sodium carbonate, three molecules df carbon 
dioxide (300g) are displaced for every molecule of vanadium 
pentoxide (V^Og) entering into combination. In an experi¬ 
ment carefully conducted, in which sodium carbonate was 
heated to redness with 0*4323 grm. of vanadium pentoxide until 
no further loss of weight occurred, the pentoxide was found to 
expel 0*3078 grm. carbon dioxide (COg) ; this corresponds to a 
ratio of 2*957 molecules of carbon dioxide to 1 of VgOg, or 
nearly in the proportion of 3 to 1 . Normal sodium vanadate 

or sodium orthovanadate, is Na 3 V 04 , or O 3 . Hence there 

is no doubt that vanadic add in its normal state acts as a tri¬ 
basic add. 

* Joum. pnik. Chem. Bd. p. 388 (1856). 
t Fogg. Ann. Bd. ozx, p. SA * 
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It is 1117 intention to investigate fully tie constitution and 
properties of the vanadates at a future time. 

V, Vanadium Oxychlorides. 

1. Vanadium OxytTuldoride^ or Vanadyl Tiicliloyide, VOCI3, 
molec. weight 173*67 (terchloiide of vanadium of Berzelius), 
—^The fact that the lemon-yellow liquid chloride of vanadium 
prepared by the action of chlorine upon the trioxide does con¬ 
tain oxygen, contrary to the distinct statements of previous 
experimenters, was asceriained in various ways;— 

( 1 .) A few grammes of the lemon-coloured liquid chloride 
were placed in a bulb attached to a long combustion-tube, hidf 
filled with pure sugar-charcoal and half with metallic copper. 
A current of dry hydrogen, purified from oxygen according to 
the method previously described, was then passed over the 
bulb and cold tube until every trace of air was expelled; the 
caxbon and copper were then heated to redness, and as soon as 
the escapmg gases had ceased for fifteen xnmutes to render 
barytar-water turbid, Liebig^s bulbs containing clear baryta- 
water were attached. The bulb containing the oxy(*hloride, 
which u]^ to this point had been kept cool, was now warmed, 
and the chloride distilled into the heated carbon in the tube; 
as soon as the vapour of the chloride was carried forward by 
the hydrogen, a dense precipitate of barium carbonate, which 
effervesced on the addition of hydrodilorio acid, was thrown 
down in the Liebig’s bulbs, proving that the liquid contains 
oxygen, and undergoes partial decomposition when mixed with 
hydrogen and brought in contact with red-hot charcoal. 

This experiment was repeated twice with identical results. 
It is not possible in this manner to estimate the quantity of 
oxygen whidi the oxychloride contains, as only a small portion 
of the oxygen combines with the carbon, by far the greater 
portion remaining in combination with the metal to fonn 
dioxide, or the lower solid oxychlorides yet to be described. 

( 2 .) The vapour of the lemon-ydlow chloride was passed 
over metallic magnesium heated in a cun*ent of pure hydrogen; 
the action was violent, and the metal took fire. On cooling 
the tube, the excess of magnesium was carefiilly removed, and 
the boat was found to contain a dark-coloured powder, which, 
on extraction with water, contained both magnesium and 
VOL. XXI. " " 
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chlorine; after repeated boiling with water, hydrochloric acid 
extracted from this powder large quantities of magnesia, the 
oxygen of which could only be derived from the vanadyl 
tricWoride. 

(3.) The foregoing experiment, made with sodium instead 
of magnesium, showed that a thick crust of caustic soda was 
formed on the tube close to the boat in which the metal was 
placed. 

(4.) The vapour of the liquid oxychloride mixed with pure 
hydrogen was passed through a red-hot tube. The chloride 
was decomposed; black, shining crystals of vanadium trioxide 
were deposited in the first portions of the tube; a mixture of 
lower solid oxychlorides filled up the further portions; and 
small quantities of a dark-red liquid were formed. The black 
crystal were found on analysis to be free from chlorine; 0*0860 
grm. of these crystals gave on oxidation 0T051 grm. vanadium 
pentoxide, or the substance contained 99*2 per cent, of vana¬ 
dium trioxide. 

(5.) When vanadyl trichloride is rapidly distilled overheated 
carbon, or when it is prepared by treating a mixture of trioxide 
and carbon with chlorine, a dark reddish-brown liquid is formed 
consisting of a mixture of the oxychloride and another chloride. 
The analysis of this dark liquid yielded results which, when 
calculated for chlorine and vanadyl (VO = 67*3), always added 
tip to from 103 to 105 per cent, on the quantity taken, showing 
the presence in this liquid of a vanadium chloride containing 
no oxygen. 

(i) of Vanadyl Triclilonde .—Finely divided vana¬ 

dium pentoxide is intimately mixed with pure sugar-charcoal, 
and the mixture heated to redness in a current of hydrogen. 
After cooling in hydrogen, the mixture of trioxide and carbon 
is removed to a hai’d glass retort heated by a large Bunsen’s 
lamp, and a current of dry chlorine gas passed in. The crude 
oxychloride comes off as a reddish-yellow* liquid, of which 
180 gnns. were collected in one operaticm. In order to purify 
this liquid, it is distilled upwards in a current of carbonic acid 
for several hours, and afterwards rectified several times over 
dean sodium in a current of carbonic add, when the sodium 

* 0?!he dark colour of the chloride ihos prepared is not dtie to the presence of 
wadie aod, as Sehafarlk supposes, as the acid is msoluhle in the chl<stide, hut 
tsttor to some dark-eolonxed Tanadiuxn chlorides containing no coEygenT 
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bocomes coated with a dark substance due to the decompositioxi 
of some other chlorides. The liquid gradually assumes a light 
amber-colour, and on continued distillation it attainB a per- 
luanent lemon-yellow tint; it began to boil at 126® C., and all 
came over before ISO®. T^en perfectly pure the boiling-point 
was accurately determined with 100 grms. of substance; the 
temperature corrected for freezing-point of the thermometer 
and mean temperature of the column was found to be 126*7® 
under 767*0 millims. of mercury. 

(li.) Vanadyl trichloride is obtained at once of a bright 
lemon-yellow colour, and free from the compounds which ac¬ 
company its formation in the preceding reaction, by passing 
dry chlorine over the trioidde gently heated. The reaction is 
as follows, viz 

3 (VA) + 6CI, * YA + 4 (VOCl 3 ). 

The liquid thus obtained requires only to be distilled upwards 
for a short time in a current of carbonic acid, to remove excess 
of chlorine and hydrochloric acid, and then rectified once over 
sodium to obtain the substance chemically pure. 

The general properties of vanadyl iricfaloride have been 
already described by Berzelius. 

The specific gravity of this liquid was carefully determined 
at three temperatures, and found to be— 

at 14®*5. 1*841. 

17"*5 . 1-836. 

24®*0 .. .. .. 1’828. 

The trichloride remains liquid at temperatures above — 15® (X 
As the co-efficient of expansion of this liquid has not been yet 
determined above 24®, it is not possible to calculate the atomic 
volume of this liquid, or to compare it wilh that of phosphorus 
oxychloride (POCI3). 

The vapour-density of vanadyl trichloride was detennined 
according to Dumas's method with the following results:— 

Weight of bulb and air at 11° 0-, and under 
776-5 millims.6-5172 grms. 

Weight of bulb and vapour at 18®*6 C., and 

780 millims. . • .. • - 7*0003 grms. 

Bcsidual air = O’O cub. centim. Capacity f bulb, 135*13 
cub. centims. 
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Hence the vaponi'-density is found to be 88*20 (H = 1), or 
6*108 (dir = 1); the calculated density is 86*8 (H = 1), or 
6-000 (air =1). 

AnaliffsU of Vanadyl Trichlonde. Determination of the atomie 
weight of Vanadium. Method 2.—The diBBiculty attending 
determinations of the atomic Treight of the metals from 
analysis of their volatile chlorides has already been pointed 
out by Pierre* in the case of titanium. The errors here 
refeiTed to, arising from absoi’ption of moistm’e by these hygro¬ 
scopic chlorides, may, however, be avoided by sealing up 
several portions of the chloride for analysis at once from a 
large mass of liquid. 

The follo^ving seventeen determinations were most carefully 
made, and the numbers obtained, closely coinciding as they do 
with the resiilts of the reduction experiments already given, 
serve as a most important verification of the original method- 

VohmuiTie Determination of the Chlorine. —Before employing 
Gay-Lussac’s method to tins determination, it was ascer¬ 
tained that when the chloride is decomposed by water in 
presence of nitric acid and silver solution added, no trace of 
vanadiiun goes down with the silver. 

Pure silver was prepared with all the precautions detailed by 
Stast iu his first memoir, and the analyses were conducted in 
the manner described by him4 The nitric acid was prepared 
by di s t il lin g a large quantity of pure acid until three-fourths 
had come over; the remainder was then distilled and collected, 
and on careful testing with silver showed not the slightest 
indication of chlorine. The distilled water used had been care¬ 
fully redistilled, and likewise gave no indication of chlorine. 
The weight of silver to be taken was calculated from a careful 
gravimetric analysis,^ and several volumetric determinations 
were made at one time. The weighed quantity of silver was 
placed with ten times its weight of pure nitric acid, sp. gr. 1-2, 
in well-stoppered 300 cubic centimetre bottles, and heated to 
about 40° C. until all the silver had dissolved. After cooling, 
the bulb containing the weighed quantity of vanadyl trichloride 
was brought into the bottle, the bottle dosed, and the bulb 

* Ann. de Ch. et de Phjs. 3 sfir, t. xx, p. 257. 

t Recherches sur les Rapports rgdproqnes des Folds atomiques. Bruxelles, 
1860, p. 25. 

% Idem, p. 62. ' 
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broken by shaking; distilled water was then added, so that 
the weight of the whole liquid amounted to from forty to fifty 
times that of the silver employed. The lower osides of 
nitrogen present in solution in the acid reduced the vanadium 
to a blight blue solution, in which the slightest turbidity of 
silver chloride could be well seen. 

In the volumetric determination of chlorine, it has already 
been noticed, both by Gay-Lussac and Sxas, that when one 
or two milligrammes of silver per litre still remain in solution, 
a turbidity is produced by the addition of both silver and 
chloride solution. This fact was also observed in the volumetric 
analysis of vanadyl trichloride; and in order to render the 
results comparable, the course proposed by Stas was invaiiably 
adopted, viz, that of adding the decimal chloride solution unifl 
all turbidity ceased. The error thus introduced is, however, 
extremely small (less than 0 0005), and is counterbalanced by 
the error arising i5com a trace of impurity contained in the silver. 

In several cases the vanadium in the filtrate was estimated ^ 
by precipitating the excess of silver, expelHng the acid by 
evaporation, again filtering from the trace of silver chloride 
which separates out, and evaporating the filtrate to dryness in 
porcelain, transferring to platinum, oxidiring by nitric add, 
and weighing the fused adi 

The following table contains the results of nine chlorine 
determinations made, according to the above method, with 
trichlorides of various preparations. Nos. 1, 2, 3, and 4 were 
made with substances of one preparation, Nos. 5 and 6 of a 
second preparation, Nos. 7 and 8 of a third preparation. 


Ko. of «• 
pwimeaL 

1. 

Weight of tri- 
dilonde taken. 

2.4322 

Weight of silver Percentage of 

reqnir^ for complete idilotine.* 

precipitation. 

4*5525 • 61*49 

Analyst A. 

2. 

4*rt840 

8*7505 

61*37 

V9 

S. 

4-2188 

7*8807 

61*37 

w 

4. 

3*9490 

7 3799 

61*39 

» 

5. 

0*9243 

1*7267 

61*37 

W 

6. 

1*4330 

2*6769 

61*37 

1» 

7. 

2*8530 

5*2853 

60-86 

Analyst B. 

8. 

2*1252 

3*9535 

61*11 

iJ 

9. 

1*4248 

2*6642 

61*43 

99 

Mean result.... 

* Stas's numbeis are liere used, viz., 0 » 16, Ag 

61*306 
> 107-93>ca 

« 85457. 
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Gravimetric Determination of the Chlorine, —^As a check on the 
volumetric analysis, weight estimations were made in the nsnal 
way, it having been proved that no trace of vanadium is carried 
down with the silver in nitric a^id solntion. 

The trichloride used in these experiments was taken from 
four different preparations; analyses Nos. 4, 5, and 7 were 
made from the same sample by two different experimenters. 


of ez- 

Weight of tii- 

Weight of silrer 

Percentage of 


penmontw 

chlonde tslcen. 

ehlonde obtained. 

chlorine. 


1. 

1-8521 

4-5932 

61-33 

Analyst B. 

2. 

0-7013 

1-7303 

61-01 

72 

8. 

0-7486 

1-8467 

61-00 

9» 

4. 

1-4408 

3-5719 

61-30 

29 

5. 

0-9453 

S-3399 

61-21 

29 

6. 

1-6183 

4-0282 

61-55 

22 

7. 

2-1936 

5-4309 

61-22 

Analyst A. 

8. 

2-5054 

6-2118 

61-31 

22 



Mean result.. 

.. 61-241 



The atomic weight of vanadium calculated fi-om the mean 
(61*276) of the above seventeen determinations is— 

(106-371 X 100) - (122-371 x 61-276) _ «« 

Taking the mean of the numbers found (1) by the reduction of 
vanadium pentoxide in hydrogen, viz. 51-37, and (2) by the 
determination of chlorine in vanadyl trichloride, vhlL 51-29, v>e 
have tJie number 51*33 as the mean atomic weight of vanadium, 
Detemninations of Vanadhim. —^The vanadium in vanadyl tri¬ 
chloride was directly estimated in some instances (Nos. 1 and 
4) in separate portions of the trichloride, whilst in other oases 
(Nos. 2 and 3) it was estimated in the filtrate from the chlorine 
determinations. 


Nob. Wex^toftri- Weight of vanadium Percentage of 

ohlonde taken. pontozide found. vanadium, 

1. 1-4188 0-7368 29-20 

2, 0-7013 0-3679 29*47 

3, 0-7486 0-3959 29*71 

4. 1*1731 0*6252 29*94 

Mean.. 29*68 




BOSOOB ON VANABIDN. 


347 


These results give as the compositioa of "ranadyl trichlo¬ 
ride 


V = 



Cakniated. 

Boond. 

51-3 

29-54 

29-58 

106-37 

’ 61-25 

61-27 

16-00 

9-21 

— 

173-67 

100-00 



2. Vanadium Oxydiclihride^ or Vanadyl Diehloride^ VOClg = 
138'21-—^This substance is formed, together with other lower 
solid oxychlorides, -when the vapour of vanadyl trichloride 
mixed with hydrogen is passed through a red-hot tube. It is 
easily obtained, however, in the pure state by the action of 
metallic zinc on the oxytrichloride mjsealed tubes at 400®. For 
this purpose strips of zinc and slight excess of the liquid chlo¬ 
ride are heated in a strong tube placed in an inclined position 
in an air-bath for three or four days in a temperature consider-^ 
ably above the boiling-point of mercury; the oxytrichloride is 
decomposed, a black oxide of vanadiixm is formed, together* 
with zinc chloride, and a sublimate of splendid grass-green 
tabular crystals of the oxydichloride collects in the upper part 
of the tube. On opening the tube, the portion containing the 
crystals was quickly pushed inside a wider tube heated to 130® 
in a paraffin bath through which a current of dry carbonic add 
was passed; the excess of liquid oxychloride was thus easily 
expelled, and the green crystals obtained of a constant weight. 
The black oxide formed, together with the green crystals, con¬ 
sists of the lowest oxide, as on treatment with dilute add 
it bleaches strongly. 

Vanadium oxydichloride is a grass-green body caystaBSsing 
in thin plates, and possessing an unctuous feel. It is slowly 
decomposed by ^ter, and on exposure to moist air it ddi- 
quesees; it eairfiy dissolves in dilute nitric acid. Its spedfle 
gravity at 13° C. is 2*88. 

The composition of the oxydichloride is readily determined by 
precipitating the ohlorine in nitric-add solution, and estimating 
the vanadium in the filtrate. 



Oaleidated. 

jPound. 

51-3 

37-12 

37-58 

7a-91 

51-39 

50-73 

16-0 

11-59 

— 

138-21 

100K)0 
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3. Vanadium OjeymGnochloTitle^ or Vdnxidyl Mbnoclilonde^ VOGl 
= 102-76.—^^^anadyl monochloride is a brown, light, powdery 
solid, formed by the action of hydrogen upon vanadyl trichlo¬ 
ride. It is obtained by passing the vapour of the trichloride, 
together with hydrogen, through a red-hot tube, and is de¬ 
posited at the end nearest to the point where the trichloride 
enters the tube. It is insoluble in water, but easily soluble in 
nitric acid. It may readily be disiinguished and separated from 
the preceding and following oxychlorides by its appearance 
and light flocculent natui-e. The analysis was made in the 
manner already described, the substance being dried at 130*^ in 
a stream of carbon dioxide till its weight was constant. 


4 

Calcalated. 

Famid. 

T = 51-8 

49-92 

50-21 

Cl = 35-46 

34-51 

34-63 

0 = 16-0 

15-57 

— 

102-76 

100-00 



4. Dimnodyl Monochlorid^^ =; 170*06.—This substance 
is likewise formed in a similar manner to the foregoing oxy¬ 
chlorides. It has a bright, shining, metallic lustre and a 
brownish-yellow colour, closely resembling the tin disulphide, 
known as « mosaic gold.” This substance is always deposited 
in the portion of the heated tube furthest from the trichloride,, 
and it adheres firmly to the glass. From its heavy coherent 
nature it can easily be separated from the preceding oompoundi 
Under the microscope it is seen to consist of brilliant-yellow, 
metallic crystals, and it has been mistaken for metallio vana¬ 
dium by Schafarik. 

It is insoluble in wat<^r, but dissolves, like the other solid 
oxychlorides, easily in nitrio acid. The brown shiuing crystals 
were heated m carbon dioxide at 140°, xmtil theii* weight 
was constant, and then they were analysed, as above described. 
Hence we have— 



OalooUtted. 

Fonad. 

Vg = 102-60 

60-33 

61-69 

a = 35-46 

20-84 

18-98 

Oa « 32-00 

18-83 ' 

— 

170-06 

100-00 
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VI. Vanadium Ntthides. 

1. Vanadhm Moiwtride^ VN = 65*3.—^The process described 
by Berzelius for preparing metalKo vanadium by heating tiie 
ammonio-oxychloride in an atmosphere of ammonia, does not 
yield the metal, but a nitride. 

The monotride is obtained by passing dry ammonia gas over 
vanadyl trichloride contained in a bulb-tube, and igniting the 
ammonio-oxychloride formed until the ammonium chloride has 
volatilised. The black powder thus produced (vanadium dini¬ 
tride?) is then placed in a platinum-boat, which is exposed for 
some hours to the white heat of a wind-fiimace in a porcelain 
tube, through which dry ammonia (or rather a mixture of its 
constituent gases) passed. The substance thus obtained is a 
greyish-brown powder, which does not undergo change on 
exposure to air at ordinary temperatures, and remains unaltered, 
when it is again strongly heated in ammonia. When roasted 
in the air it slowly oxidises, glows, and forms a blue oxide; on 
farther heating it melts, and ultimately forms pmre vanadium 
pentoxide. Heated with sodarlime in a glass tube, the mono¬ 
nitride readily evolves ammonia^ 

Its composition is as follows 

CiJcnlateA. Found. 


--- - 

Vanadium. 51*3 78*6 77-8 — — 

Nitrogen . W-O 2X*4 — 20*3 20*0 


65*3 

2. VamdiwfnBbiMde^ VN^ = 79*3.—This substance is obtained 
as a black powder by passing dry ammonia over vanadyl tri¬ 
chloride heated in a glass tube to expel sal-ammoxdao, washing 
with ammoniarwater, and drying in vacvo over sulphuric acid. 

This nitride was obtained in 1858 by Uhrlaub,* but this 
chemist made no direct determination of the nitrogen, by 
which alone the true nature of these compounds can he dis¬ 
covered; and he, adopting, as a matter of course, the atomic 
weight 68*5, showed that the body obtained as above described 
cannot be represented by any simple formula. J£, however, 
Uhrlaub’s experimental results be calculated with the true 
atomic weight 51*3, it is seen that, according to the mean of 

, * Ajai..Bd. cSii, p. 184. 

2 D 
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three deteimiiiations, the substance contams 64*1 per cent* of 
vanadium, the formula requiring 64*6 per cent. 

The existence of vanadium mononitride, VK, not only de¬ 
monstrates vdth absolute certainty the true atomic weight of 
the metal, but it also serves as the starting point from which 
to commence the study of the metal, as well as of an entirely 
new class of bodies, viz., the compounds of the metal vanadium 
with chlorine and the other halogens, which I have in vain 
endeavoured to obtsiin from vanadyl compounds. In the next 
communication I hope to describe these interesting substances. 


XXXVn .—On the Soliihility and Crystallisation of PhmJbic 
Chloride in Water, and in water containing various percentages of 
Hydrochlorie Add, spedfic gravity 1"162. 

By J. Carter Bell, F.G.S., Associate of the Royal School of 

Mines. 

All the manuals I have consulted give the solubility of 
plumbic chloride, PbClg, as one part dissolved in 185 parts 
of water; according to my results, which were conducted with 
the greatest care, I find it still more soluble than the above 
states it to be. I used pure crystals of plumbic chloride, which 
had been recrystallised five or six times from a watery solution, 
and distilled water which was redistilled specially for this 
result 5 the water was allowed (with an occasional shake of the 
solution) to act upon the crystals for about ten days at a tem¬ 
perature of 15^*5 C. (60® F.); some days perhaps it would rise a 
little more, other days fall, but as near as possible it was kept 
at the temperature named; it was then taken exactly at 
15°-5 0., filtered through Swedish filtering paper (the first 
portion being rejected) into small beakers; the solution was 
weighed most accurately to the thousandth of the grain in the 
covered vessel; it was then carefully evaporated in a steam- 
bath; and the crystals heated to 110® C. (230® F.) cooled down 
in a desiccator, and then weighed. The four results were:_ 

No. 1 .. ., *8207 

2 .. .. -8256 

.. -8264 

-. . .. *8259 
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giving a mean of *8246, and shovring that one part of plumbic 
chloride dissolves in 121 parts of water at 15® *50. (60® F.)- 
Another feet I have observed in the behaviour of plumbic 
chloride with water, is, that the salt is partially decomposed, and 
the solution gives a slight acid reaction to litmus paper, even in 
the cold, on taking perfectly pure crystals and distilled water, 
which singly have no add reaction, but immediately they are 
brought in contact the acidity is developed, which I can only 
attribute to the decomposition of the salt; but this acid reaction 
is much more marked on heating the solution to lOt/ C* and 
keeping it at that temperature for several hours; it also has a 
very striking effect upon the solubility of tbe salt. 100 parts 
of distilled water at 17°'7 C. (64® F.) dissolve ’947 of the pure 
crystals of plumbic chloride* Another portion of the crystals 
was boiled in water for three minutes, and tbe solution was 
allowed to cool down to 17®*7 C.; it then contained, according 
to two results, '■927 per cent, of plumbic chloride. To show 
what a marked effect boiling the solution of plumbic chloride 
had upon the solubility, I prepared some crystals of plumbic 
chloride from an acid solution; they were well washed and dried 
so as not to leave the slightest 'trace of acid upon them; then 
acted upon at the common temperature by 20 ounces of pure 
water for several days. At the end of 'that time the water was 
£>und to contain *942 per cent, of plumbic chloride at 17®“7 C. 
The twenty ounces were boiled down to six, and the solution 
cooled to 17®-7 C.: it then contained -823 per cent, of plumbic 
chloride. A second solu'tion of plumbic chloride was boiled for 
about two hours, and cooled as before; according to the mean 
of two experiments, it contained *741 per cent, of the salt. 
From these experiments I think I am justified in saying that 
phimHc chloride is decomposed by water, 'with prodaetioii of 
free hydrodhloric acid; and it is this acid up to a certain point, 
as we shall see fborther on, which diminishes the solubility of 
plumbic chloride. This salt, as regards its solubDity in water, 
behaves in a very peculiar manner. One would have supposed 
that water at 100® 0., poured upon pure crystalB, then well 
shaken, and poured off when clear into a beaker, would have 
formed a saturated solution at 17®*7 C. I have foimd this not to 
be the case; when boiling redistilled water was poured upon pure 
crys'tals, shaken, poured off in'to a heaker, and allowed to cool to 
17®*7 C., it was found from the of two experiments to con- 

^ 2 n 2 
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tain only *7668. A second experiment was tried in the same 
manner^ and from the clear solntiona very few detached crystals 
were formed; the mother hqnor at 17®'7 C. contained •8984PbCl2. 
A second quantity of boiling water was poured upon the original 
crystals, and treated as before; the liquor contained '8373. A third 
quantity of water was poured upon the crystals, and this solu¬ 
tion only contained '6854 per cent, of Pbdg, at 17®'7 C. In these 
experiments only the small crystals were dissolved, thus forming 
an almost saturated solution; but the second and third portions 
of water had only the large crystals to act upon, and could not 
dissolve a suflBloient quantity in the time allotted to them to form 
a saturated solution. Powdered plumbic chloride was taken, 
water at the ordinary temperature poured upon it, and allowed 
to stand for some time; the solution contained at 17®‘7 G., ac¬ 
cording to two results, *946 jler cent, of PbCIg. 

Solubility of Plumbic Chloride in dilute Sydroehhrie Acid of 
mrioiLs strengths. —^The solubility of the salt decreases as the 
quantity of hydrochloric acid increases up to a certain point, 
but beyond this the solvent power increases step by step as 
the hydrochloric acid increases. Starting with pure water, 
which we have already seen dissolves *946 per cent, of Pbda 
at 17®'7 C., then if one-tenth per cent, of hydrochloric acid 
sp. gr. 1’162 be put into the water, the solubility at once sinks 
to '838; with two-tenths per cent, of hydrochloric add, "716, and 
goes on decreasiag till the add reaches 15 per cent., when the 
mimtnum percentage of plumbic chloride is attained; but whether 
fifteen is the turning point it is difficult to say, because firom 
the tenth to the sixteenth, the difference only varies by the 
thousandth and ten thousandths per cent., which may be looked 
iipon as errors of experiment; the greatest difference between 
ton and sixteen is '004; therefore I think I may safely call those 
numbers the line of no variation. After the sixteenth the per¬ 
centage steadily ascends, with here and there a break to mar 
the uniformity, till they culminate in 100 per cent. Theoreti¬ 
cally speaking, one would suppose that the differences between 
the percentages ought to fall and rise with perfect equality; but 
experiment does not seem to verify this hypothesis, but rather 
to point to an unequal oscaUating movement, for I have found 
that the differences are great at the two extremes and smaller 
towards the middle; for instance between OT and 0*9 they 
vary between tenths and hundredths, and the same again 
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between 80 and 100; from 10 to 60 the differences are small, 
ranging only between hundredths and thousandths; from 60 
to 80 ^ey ascend considerably, and the differences vary firom 
seven to nine hundredths. 

The mode of conducting the experiments was the following 
pure crystals of plumbic chloride, and pure hydrochloric acid of 
sp. gr. 1*162 were used; the water and acid were weighed out 
most careftilly into stoppered bottles; plumbic cldoride was then 
put in, and the solutions allowed to stand from ten to fourteen 
days at a range of temperature from 14® to 18® C. (the solu¬ 
tions receiving an occasional shake); they were then taken at 
17®’7 C., filtered through Swedish filtering paper (the first portion 
being rejected) into small weighed beakers, which were then 
covered with a watch-glass and again weighed with the con¬ 
tents ; the beakers were then covered with filtering paper to 
prevent any dust fitllmg into them, put into a steam-bath, and 
the solutions were gently evaporated to dryness; the crystals 
were heated to 110® C,, cooled over sulphuric add in a desiccator, 
and weighed; the results were then osculated. 

CryaiaMiaaiion of PluTnbk CkhrUa .—^The works which I have 
consulted inform me that this compound crystallises in fine 
brilliant needles. This statemmit must be taken with some little 
reserve, as it is only under certain conditions that needle- 
shaped crystals can be proomred. "When boiling distilled water 
is poured upon plumbic chloride in the powdered state, 
and the clear solution poured off into a beaker and allowed 
to cool down slowly, white brilliant crystals are not obtained, 
but cream-coloured cuneifoim or arrow-shaped crystals are 
foonned; these crystals cover the bottom and line the rides 
of the vessels in a peculiar tuft-like manner; when dry, they are 
very compact and heavy, and under a low power of the micro¬ 
scope appear massive like quartz^ but with a distinct pearly 
lustre; but if the saturated solution is boiled for a few minutes 
the appearance of the crystals is at once altered; they are 
now very small needle-shaped crystals. The addition of 
hydrochloric acid changes the size considerably, and crystals 
of great beauty may be sometimes obtained; but as the 
addition of hydrochloric acid increases, the appearance of the 
crystals also changes, they pass from needles into hexa¬ 
gonal plates, but it is better peen when the various solutions 
are evaporat^ at a gentle heat; for this purpose not more than 
twenty or thirty grammes should be used. Thus, when the solur 
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tion of plumbic chloride, which has been prepared ■without heat, 
is evaporated to dryness in the water-bath, beautiful feathery 
crystals are obtained, not at all Kke needles, but more like a quill 
pen with the feathers only on one side; they are not attached 
to the vessel in which they have been crystallised, as in some 
cases they are; when the crystals were boiled in water for a 
short time, the solution allowed to cool down, and then evapo¬ 
rated in the water-bath, a mass of small feathery crystals is 
obtained, interlaced one with another, so that the vessel can be 
inverted without detaching the crystals which adhere to the 
bottom. TiTien the saturated solution is boiled for two or three 
hours, then cooled, and a portion of the liquor evaporated, no 
distinct crystals are formed, but a magma of very fine crystaHine 
particles is obtained; when one per cent, of hydrochloric acid 
is added the solution heated to 100® C., and “then cooled, white 
feathery crystals are formed, and on evaporating the liquid the 
crystals which form are like feathers compressed, very similar to 
■the crystalline form of antimony; they also adhere tenaciously 
to the beaker; as the percentage of hydroohloiic acid increases, 
the crystals also undergo a change. On evaporating the solu¬ 
tion containing 51 per cent, of hydrochloiic add, the crystals 
obtained were like fern leaves; on performing the same experi¬ 
ment with 60 per cent, of hydrochioric acid, the crystals ap¬ 
peared to be in a state of ■trandtion, passing from the plumose 
to the lamellar state; with 80 per cent, of hydrochloric add, 
■the transition was complete, no longer presenting a feathery 
appearance, the crystals being flat hexagonal plates similar to 
tibie drawing; they also glistened like mica; with 100 

per cent, the ^ ^ same appearance was presented as mth 

80. Here j again we have a dn^ar phenomenon 

regarding I plumbic chloride; beginning with water, 
we have cream-coloured arrow-shaped crystals 

(or perhaps some would call them feathery, as they are ■wide at 
■the top and pointed at the bot^tom), then they pass into fern 
crystals, ■thence into ■the transi’tional state, and lastly become 
hexagonal plates. 

In concluding this pap^ I am sensible of many defects which 
perhaps might be removed by repeating. the whole of the 
aapeximents; I did not think it necessary to do so, as I thought 
ijb was possible for all ■to see that there must be a defending 
Iftewforeprefeiredleavingiherestdteas 
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TahU of the SobMliiy of Phmbie Chloride in Water^ and in Wider 
cmicming variom percentages of Hydrochloric Acid {sp, gr* 
1*162) at a tempercdure of 17'7 ( 7 , 


Pure water dissolTes 

0*946 p.e. 

Do. coniainine O'l p.c. Hd 0*838 „ 

0*2p.c.B:01 

0*716 „ 

0*3 
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0-4 

ft 

0*605 „ 
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ft 
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0*6 

v» 
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07 

ft 
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0-8 

ft 
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0*9 

ft 

0*885 „ 

1 

ff 

0*347 „ 

2 

ft 

0*201 „ 

3 

ft 

0*166 „ 

4 

ft 

0*145 „ 

5 

ft 

0*181 „ 

6 

ft 

0*107 „ 

7 

ft 

0*100 „ 

8 

it 

0*099 „ 

9 

ft 

0*096 „ 

10 

ft 

0*093 „ 

U 


0*098 „ 

t» 

ft 

0*098 „ 

IS 

Mr 

0*093 „ 

14 

tr 

0*090 „ 

15 

ft 

0*090 „ 

16 

ft 

0*094 „ 

17 

ff 

0*101 „ 

IS 

ft 

0*100 „ 

19 

tt 

0*100 „ 

20 

tt 

0*111 ^ 

21 

ft 

0*118 „ 

22 

ft 

0*112 „ 

23 

ft 

0114 „ 

24 

ft 

0*118 „ 

25 

» 

0-129 „ 

26 

ft 

0-131 „ 

27 

ft 

0*181 „ 

28 


0*184 „ 

29 

ft 

0*150 - 

80 

tt 

0*151 „ 

31 

tt 

0*157 

82 

ft 

0151 « 

38 

ft 

0*161 „ 

84 

tt 

0*165 « 

35 

*t 

0*170 

86 

tt 

0*170 « 

37 

ft 

0*181 „ 

88 

ft 

0*194 „ 

39 

ft 

0*201 „ 

49 

ft 

0*216 „ 

41 

ft 

0*237 „ 

42 

tt 

0-249 „ 

48 

n 

0*268 « 

44 

ft 

0*264 „ 

45 


0*279 „ 


46 p. 

c HCI 

0*316 p. c. 

47 


0*327 

ft 

48 


0*328 

tt 

49 


0*336 

ft 

50 


0*856 

tf 

51 


0*371 

tt 

52 


0-374 

tf 

58 

99 

0*395 

ft 

54 

39 

0*406 

ta 

55 


0*433 

tf 

56 


0462 

ft 

57 

59 

0-469 

tt 

58 

19 

0*518 

n 

59 

59 

0*542 

ft 

60 

59 

0*559 

ft 

61 

9> 

0*560 

ft 

62 

95 

0*575 

Tt 

63 

55 

0*600 

tt 

64 

59 

0*680 

tt 

65 

59 

0*666 

tt 

66 

55 

0*721 

tt 

67 

55 

0*739 

tt 

68 

9$ 

0828 

f» 

69 

%t 

0-854 

i» 

70 

55 

0*983 

ft 

71 

55 

0*971 

n 

72 

n 

1*040 

tt 

78 


1*118 

tt 

74 

95 

1*137 

tt 

75 

95 

1-208 

ft 

76 

5f 

1*305 

ft 

77 

99 

1*393 

tt 

78 

99 
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tf 

79 
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tt 

80 

59 

1-498 

» 

81 

9> 

1-475 

1* 

82 


1*503 

tt 

88 


1*606 

» 

84 

15 

1*677 

it 

85 

59 

1-819 

It 

86 

55 
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tf 

87 

19 

1*898 

ft 

88 

55 

1*968 

tt 

89 


2*089 

m 

90 


2*117 

it 

91 


2*244 

tt 

92 


2*297 

H 

93 


2*407 

tt 

94 

II 

2*470 

Tt 

96 


2*677 

ft 

96 


2*611 

ff 

97 


2*746 

ft 

98 


2*829 

ft 

99 


2*851 

tf 

100 

99 

0-960 
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XS.XVIII .—On ilie Reducing Action of Peroande of Hydrogen 
and Carbolic Acid. 

By John Parnell. 

1. When peroxide of hydrogen is mixed with ferrous snlphate, 
the ferrous salt becomes, as is well known, converted into a 
ferric salt, and the addition of caibolic acid then causes the 
usual violet colour. But if the carbolic acid be added before 
the peroxide of hydrogen, the last named substance will pro¬ 
duce a permanent green coloration. If the solutions are suffl- 
mently concentrated a dark green deposit takes place, which 
bears a strong resemblance to iron reduced by electrolysis from 
a ferrous salt. 

2. These three substances, ferrous sulphate, carbolic add, 
and peroxide of hydrogen, thus exhibit the oxidising and 
reducing actions of the peroxide, according to the order in 
which they are mixed together. 

3. The green reaction above mentioned is a very delicate 
test for peroxide of hydrogen: for if that substance, as prepared 
by Messrs, harden and Bobbins be diluted with thiity times 

bulk of distilled water, onententh of a cubic centimetre of 
such diluted solution will produce a distinct result. 

4. Alcohol, ether, or any free acid interferes with the 
action. 

5. If the green solution be heated, the iron is thrown down as 
ferric oxide. 

6. The action of the peroxide of hydrogen upon a solution of 
bichromate of potassium is, as every one knows, very transient; 
but if carbolic acid has been previously added, the solution 
becomes turbid, but very slowly, and a brown precipitate is 
deposited after some hoTirs of rest. 

7. An ammoniacal solution of cupric oxide has its oxide 
reduced to sub-oxide by carboKcadid and peroxide of hydrogen, 

8. Carbolic acid retards the reduciag action of the peroxide 
cm plumbic iodide, and the oxidization of the blue tungstate of 

TSm resnlts previously described take place with cold solu-* 
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tions* The effects of heating certain other solntions with car¬ 
bolic add and the peroxide are as follows:— 

€u Tungstic add or tungstate of sodium: a dark brown solu¬ 
tion with brown deposit. 

b» Molybdate of ammonium: a dark brown solution with a 
black deposit. 

c. Ammonia; a pale green solution. 

d. Ferricyanide of potassium: a deposit of Prussian blue, 
hydrocyanic acid being evolved. 

e. Perrocyanide of potassium: dark red solution and turbid. 

/. The addition of carbolic acid to a solution of dbloiide of 

aluminium produces a pink colour; on adding the peroxide and 
heating, the solution becomes first red and then green, with a 
dark green deposit. 

There appears to be some analogy between this reaction and 
that previously described in connexion with ferrous sulphate. 

10. The carbolic acid employed in these e:^erimente was a 
saturated solution in water of the acid prepared by Messrs. 
Calvert and Co., of Manchester. 

11. There are some metallic salts wM(h are partially reduced 
by being heated with carbolic add, such as the auric and platmic 
chlorides, and the nitrates of nickel and cadmium; and the 
addition of peroxide of hydrogen in most cases appears to 
incsrease the effect, but tbe results are not sifficiently marked 
to deserve special notice. 

12. Among the numerous substances unaffected by the opera¬ 
tions here described, I may mention mercuric iodide. 


ITYYTy , —Besearehes into the Vhemical of Nareoiinef 

and of its Products of Decomposition, —Part IL 

By A, Matthibssen, F.B.S., Lecturer on Ghemistry in St. 
Mary’s Hospital Medical School, and C. C. Foster, 
Professor of Physics in University College, London. 

Rec^ved Majy 23,—Bead June 20,18S7. 

It was shown in a previous paper* that narootine and its prin¬ 
cipal derivatives, opianic acid, meconin, hemipuiio acid» and 

« Flulq^plueal TraDfiaetloiiB. 1863, jp. 845; for alxsincte 8e6 Fm. Boj. 8«& 
Tol ad, p* Tol. adi, p. 601; Jonr. Cbeta, Soc. [21 a, 3& 
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cotaroine^ are decomposed when heated with hydrochloric acid 
or hydriodic acid, into iodide or chloride of methyl and one or 
more other products. With the exception, however, of those 
obtained from hemipioic acid and cotamine, these second pro¬ 
ducts had not been examined: the present memoir relates 
principally to the further study of these reactions. 

1 . Action of Hydrochloric arid Hydriodic Acids on Opianic Acid* 

When opianic acid is heated to 100® or 110® with three or 
four times its weight of strong hydrochloric acid, either in a 
sealed tube or in an open flask, under a layer of paraflSn* for 
about twenty hours, or with about twice its weight of fuming 
hydriodic acid, and evaporated to dryness on a water-bath, 
chloride or iodide of methyl is produced, and at the same time 
a crystalline acid contaioing 

C^sOfi. 

The reaction may be represented by the equation 

CxoHioOs + Ha C^HsOg + CH^a- 

For reasons explained in the Journal of the Chemical Sodetyf, 
we regard opianic add as the dimethyliaed derivative of a 
hitherto unknown normal opiamo add, 

between which and opianic add itself the product above men¬ 
tioned is exactly intermediate: 


Opianic add... CioHioOg 

New compound. Cg Hg O 5 


Normal opianic add .... Og Eg O5. 

For want of a better name we therefore propose to call the 
compound O^HgOg monomedtyl-normal opiamc mid, or if the con¬ 
traction is admissible, meihyirnoropianic arid* 

* Whenpiepariiig a laige quantity of this or any other sahsiance by the aetioa 
of hydxoeihloiic acU, this method is yeiy advantageous} as there is no danger of Iona 
by hnxstiag as efben happens vith sealed tabes. In preparing a new base firom. 
saxeotlne» where we employed 200 grms at eatdi operation, the saving of idme and 
nifing tMs met^ 
t imul YOl. ij p. 34ji^ 
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This substance ciystallises with 2^ molecules of water, which 
it gives up at 100® C. 

The crystallised acid, when heated, jfirst melts in its water of 
crystallisation, and then, as the water evaporates, solidifies to a 
white crystalline mass. Hence it appears that the acid dis¬ 
solves in less than a quarter of its weight of hot water; in 
cold water, however, it is oidy sparingly soluble. It is easily 
soluble in alcohol, but almost insoluble in ether. 

Like hypogallic acid, it strikes a dark blue with pemhloride 
of iron, but, on addition of ammonia in excess, a li^t-red 
solution is produced, whereas the hypogallio-acid blue becomes 
blood-red with ammonia. 

To deteimine the basicity of the acid, the ammonium salt was 
precipitated by nitrate of silver, which forms a gelatinous pre¬ 
cipitate, becommg crystaUme on standing. It is soluble in hot 
water, from which it crystallises on cooling. 

This salt, dried at 100® and heated to redness, gave results 
agreeing with the formula 

CjHyAgOfi. 

It therefore appears that methyl-noropianicacid is monobasiQ. 
The fact that opianic acid, when heated witix excess of strong 
caustic potash splits up into meconin and hemipnio acid, led 
us to hope that methyl-noropianic acid would with the same 
reagent undergo a similar decomposition. It was, however, 
found that the acid remains unaltered; for after treating it 
with strong caustic potash, a silver-salt was made, which 
yielded on ignition, 35*5 per cent, silver, methyl-noropianate of 
silver requiring 35*64 per emit. 

The reduction of opianic acid to meconin by the action of 
sodium-amalgam caused us to try this reagent on the new add, 
but here again we could not produce the corresponding re¬ 
duction. 

When methyl-noropianic acid is dissolved in cold water, and 
about a sixth of its volume of strong nitric add adde^ an 
action is immediately set up, and the solution becomes dark from 
nitric oxide, and afterwards again light, when a nitro-add 
crystallises out. To prevent the action going on too fiur, the 
solution must be kept cold. 

This new nitro-add contains ^ 

CgHyNO^ = CsHy{NOa)by 
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We have called this acid nitromethyl-noropianic add. 

Nitromethjl-noropiamc add oiystallises with one molecoile of 
water, which it loses at 100° C. 

2 . Action, of Hydrochloric and Hydriodic Adds on Meconin, 

When meconin is treated with hydrochloric or hydriodic add, 
as above described in the case of opianic add, it is resolved 
into chloride or iodide of methyl and a new compound con¬ 
taining 

Cs^s04. 

The reaction which takes place is— 

G 10 H 10 O 4 + HQ = + CH 3 a 

This substance may be regarded as a monomeihylized de¬ 
rivative of a hypothetmal normal meconin, 

CsHeO^ 

and we therefore propose to name it rnmimn^thyhnormal meconin^ 
or shorter, mclkyVwyrmeconvn,, 

Methyl-normeconin crystallises without any water of crystal¬ 
lisation ; it is soluble in cold, but much more so in hot water; 
it is easily soluble in alcohol, and slightly so in ether. 

With perdiloride of iron it behaves exactly in the same 
manner as methyl-noropianic add. It reduces salts of silver 
in the cold, so that to determine its basidty we employed its 
barium-salt, from the analysis of which it appears that tl^ new 
add is monobasic, the barium-salt containing (C^^ 04 ) 2 Ba. 

3. Action of Hydrochloric and Hydriodic Acids on Hmdpinio 

Acid. 

In our former paper we have described the action of 
hydriodic add on hemipinic add. We there stated that when 
hemipinic add is treated with hydriodic acid the following 
reaction takps place:— 

CioHioOe + 2 HI = CO^ + 2CH3I + C^HgO^. 

The add we called hypogallic add. 

We also mentioned that when hemipinic add is heated 
with strong hydrochloric add, the reaction is— 

^10^-10^6 “b Hd sa CO2 + CH3CI + CgHgO^* 
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The farther inyestigatioii and analyses con£nn the foimulay 

for this add; and as it contains one molecule of methyl more 
than hypogallic acid, and may be converted into that body by 
the prolonged action of hydroddorio add, it may be called 
metJiylrhypogaUic acid. 

One of the simplest modes of preparing this add is to digest 
the hemipinic add with strong hydrocUorio add on a water- 
bath at 100® C. tmder a layer of parafSn for about three days. 
The purification of the add is very simple, owing to its behig 
almost insoluble in cold and sparingly soluble in hot water, 
whence it crystallises out on cooling in long transparent prisms. 
The crystals contain no water of crystallisation. 

The silver salt contains CaH^g 04 . 

The properties of this acid are given in our former communi¬ 
cation. 

When methyl-hypogallic add is treated with dilute nitric 
add (1 part add to three parts water) and gently heated till the 
add is dissolved, it is converted into a nitro-add whidh sepa* 
rates out on cooling. Its oompodtion was found to be 

This add may be called dinitromethyl-hypogallic add, as it 
contains in place of 

It crystallises with one molecule of water. 

4. (hi 'ihe different CryetaUine Forms of Hempinie Acid, 

Whilst experimenting with hemipinic add, we found that this 
add may ciystallise in different forms. The crystals were 
found to contain different amounts of water; thus (1.) when 
crystallised from a dilute solution by spontaneous evaporation, 
the crystals contain half a molecule of water; (11.) when from 
a supersaturated solution, they contain one molecule; and 
lastly, (in.) when crystallised in the ordinary way by cooling a 
hot solution, they contain two molecules. 

L 11’281 grms. add lost at 100® 0. 0*448 grm. water, 
n. 3-130 gnus, add lost at 100® 0.0-230 gim. water. 

III.. 7-646 gnus, add lost at 100® C. 1-0576 gmou water. 
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Oalculistied. Fonnd. 

Water per cent. Water per cent. 

L C,oH,o 06 ,HOi .... 3-83 3*97 

n. CjoHioOpHaO .... 7-33 735 

in. CioHioOg, 2 H 30 .... 13-74 13-83 


Li the follo-sring Table the acids, &C., are tabulated which 
have been aad probabl 7 may be prepared from opiamc add. 


^10^10^4 

1. IXmeth^^l-normeconin 
(oidinaiy meconixi). 


®io^lo®5 
Dimethyl-noropianie 
add (oidmary opianic 
acid). 


®io®io^6 

3. Dimethyl-norhemipinie 
acid (ordmazy hemipiuic 
acid). 


CAO 4 

A Metbyl^noimecoimL 


5. Hethyl-noropiaaic add. 


CAOe 

M&thyl-norhexmpiufc add. 


Normeconm. 


CsHfiO, 

Noiopiamc add. 


CeHgOg 

Norhezolpinic add. 


c«ha 

6. Kethyl-hypogdlic add. 

7. EypogalUc and. 


Of the above, the following have bemi made, namdy 
1 and 3 . CioHiqO* and CjoHijOg by the action of potaitii on 
opianic acid; thus, 


CgHgO^ the action of hydrochloric and hydriodio aoidE 
onmeconin; thns. 


CX 0 H 10 O 4 + HI + CH 3 L 

CfgHgOg by the action of hydrochloric and hydriodio adds 
on opianic add; thus, 

®10®W^5 “ ^gHgOg 4* CH3L 

6 . by the action of hydrochloric on hemipinic acid; 

thus, 

OioHjcOfi + Ha = CsHgO^ + cHsa + cOy 

7 * CyHgO^ by the action of hydriodic add on hemipinic acid; 
thus, 

CioHmOb + 2 HI = CjHeO* + 2000*1 + CO,. . 
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5 . Action of BydrocMoric and Hydnodic Adds on Narc(Mne, 

Wien narcotine is treated Triti strong hydrochloric acid for 
sometime on a water-bath, in a flask under a layer of paraffii^a 
thick oily mass gradually separates out on cooling, which on 
examination was found to be the chloride of a new base- The 
best method of preparing ibis base is as follows:— 

200 grms. of narcotine are pnt into a large flask with 1000 cub. 
centims. of strong hydrochloric acid (the pure commercial acid), 
and are digested together on a \rater-teth under a layer of 
parafiSn at 100° C. Much chloride of methyl is given o£^ and a 
thicik oily mass separates out on cooling, and when no fiirther 
quantity is formed, the reaction may be considered finished.* 

The reaction which takes place may be written thus— 

+ 2HC1 = C^oH^NO, + 2CH3a 

To purify the chloride, and to obtain the base firom it, advan¬ 
tage is taken of the fact that it is comparatively insoluMe in 
dilute hydrocddoric add, whereas in strong hydrochloric add as 
well as in pure water, it dissolves readily. After the reaction 
is fi nished the contents of the flask are allowed to oodL The 
liquid portion (strongly acid) is poured into a large beaker, and 
the oily mass dissolved in hot water, allowed to cool, and then 
poured into the strongly add solution. This causes a predpi- 
tate, and water or hydrochloric acid is added in case either 
produces a fiirther precipitate. The precipitated chloride is 
collected on a filt^ and washed with dilute hydrochloric add (I 
part acid, 9 parts water); after washing, the predpitate is dii9^ 
solved in water, and carbonate^of sodium added in excess, in 
which ike new base is soluble, but narcotine insoluble; aftex 
filtering off any undecomposed narcotine, the solution is care¬ 
fully neutralized with hydrochloric add to predpitate the basei, 
which becomes curdy on heating and may he filtered and wadbed 
with ease. After being well washed, it is redissolved in hydro- 
cMorio add, and fractionally predpitated with carbonate of 

* Thm. two it) six daiys m required for tbe oompletioa of Uta rewiioa; ife 
appears tbat the larger the quantities employed the gorier the time noeeasRiy for 
oonyerslon. In an experiment made with the aboye quantsties^ the irhide of the 
nareotine was converted into the new hase in thxee days in aihenl tsren^fonr 
hours), vheieas in another experiment made irith 6# grma mmiiae and 2S0 cub. 
eentima hydrochlode aoid the toe neqnirad diffa 
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soditim. The first portion precipitated contained most of the 
colouring matter; &e second portion was used for analysis. 
Dried at 100® C. in a Liebig’s drying tube, it gave results agree¬ 
ing with the formula C^oHjglTOy, i aq. 

For reasons which will be clear firom what follows, we have 
called the base methyl-nornarcotine. When freshly precipitated 
it forms an almost white amorphous powder, insoluble in water 
and ether, slightly soluble in ^cohol, and easily soluble in car¬ 
bonate of sodium, by which means it may be separated from 
narcotine. 

None of its salts form crystaJline compounds (the chloride, 
sulphate, and nitrate have been tried). 

On detearmining the amount of chlorine and sulphuric add in 
the chloride and sulphate, results were obtained which agree 
with the formulae CgoHigNO^jHCl and (C 2 oHi 0 NOy) 2 .SO 4 respec¬ 
tively. 

The chloride was prepared as follows: the base was dissolved 
in strong hydrochloTic acid and fractionally predpitated by 
water, the middle portion collected, washed with dilute hydro¬ 
chloric add, and dried over sulpbrnic acid and lime, before dry¬ 
ing it in the water-bath. 

The chloride must not be washed with pure water, as that 
liquid converts it immediately into a sticky mass. 

The sulphate was precipitated by dissolving the base in sul¬ 
phuric add (one part add, three parts water) and pouring the 
solution into water, collecting the predpitated sulphate, and 
washing with water, redisaolving the precipitate iu hot water, 
and collecting the sulphate as it separates out in different por* 
tions. Like the chloride, it must be first dried over sulphuric 
add, and then in a water-bath. 

It may be as well to mention that in the farther prosecution 
of this research, one of us has already obtained two more bases 
from narcotine: the one hy digesthig it for a short time with 
hydrochloric add, and the otiher as indicated in our fonner paper 
(p. 359 ), by the action of hydriodic acid on it. The reactions 
may be written— 

L Cgj^asNOy -h HQ == O^iHaiNOy + GE^GL 

n. G^E^m^ + 2HC1 = Oa^igNO^ + 2CH3a 

HL CaaEQjOy ^ SSI ^ + 301^1. 

The preparations and properties of two of these bases (I., IIL) 

iipifl &nn the subject of a fixture* communicatioxL 
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b. On, &e Crystalline Forms of some of the abooo-mentwked 
substance. 

By Professor Victor v. Lang. 

(a) Add derived from meconin, CgHgO^. 

System monoclmic:— 

= 2-7864:1, 

== 127° 56'. 

Observed forms:— 

( 110 ), ( 001 ). 

110, 110 = 49 56 observed. 

110, 001 = 78 20 

The observed forms do agiot completely determme the crystal- 
lographio elements- The crystals are perfectly cleavable^ 
parallel to the plane (001). 

(5). Add derived by the action of nitric add on ihe hypogallic 
add, 

System monoclinio;— 

a:6:c = 1-0122:1:0-7156, 
ac = 104° O'. 

Observed forms:— 

( 001 ), ( 110 ), ( 111 ). 


110, 110 

Oaleulaied. 

Is ^8 

OlwwTeid. 

o / 

110, IlO 

= 91 2 

*91 2 

110, 001 

= 80 4 

*80 4 

ill, 001 

49 40 

49 38 

ill, ill 

s 65 40 

*65 40 


Cleavage very perfect, parallel to the planes (110). 
VOL. XXI. 2 E 






366 


MATTHIBffiBN AKD FOSTBB’S BBSBABOBB&. 


(c) flemipinio add, CjoHjoOgjHO. 
System monodmio:— 

a: 6: c =a 2-5210:1: 2*9597, 
ae = 92®40'. 

Observed forms:— 


(100), (001), (101), (112). 



Calculated 

Pouna 


O / 

o / 

100, 001 

== 87 20 

87 30 

101, 100 

= 39 18 


101, 001 

= 48 2 

48 2 

112, 100 

= 71 10 


112, 112 

= 79 20 

79 20 

112, 001 

= 56 20 

56 20 

112, 101 

r= 52 42 

52 42 


Cleavage perfect, parallel (001). 

(d) Hemiprnio acid, CioHio 06 ,H 5 , 0 . 
System monoclinic:— 

a:» 05407:1 : 1*2620, H 
acr=97°42'. H 

Observed ftiltis 

(001), (llOX (225), (227) H 


Calcnlated. Observed 


110, 010 

SS5 

o / 

61 49 

*61 49 

110, 110 

= 

56 22 


oil, 010 

= 

38 40 

*38 40 

Oil, 001 

= 

51 20 


110, 001 


83 13 


110 , on 

=r 

63 44 

63 28 

225, 010 

= 

68 33 


225, 001 

cs 

50 14 


225, ilO 

sss 

46 28 

46 24 

227, 010 

=s 

72 23 


227, 001 


39.30 


227, IlO 

ssr 

58 12 

58 40 

110, 001 

= 

96 47 

*96 47 
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Calcylm of Chemical Opendiom ; being a Method for 
the Investigation^ hy^ means of Symbol^ of the Laws of the 
LHstributixm of Weight in Chemical Change ,—^Paxt L On ike 
Ccnstrtiction of Chemical Symbols, 

By Sir B. G. Brodie, Bart^ F.R.S -5 Professor of Chemisfciy in 
ihe Uniyersity of Oxford. 

(From the PhiloBophical TnmBaction^ Part II, 1866 }* 

“ Les formules chimiques^ comme nous Vavons dii ne sont pas 
destvnees a Teprisenter Varrangement des atomes^ mats elles ont pour 
hut de rendre ividentes^ de la manure la plus simple et la plus eracte, 
les relations qui rattachent les corps entre eux sous le rapport des 
transformations ^—G er h ar dt. 

Even in the earliest times the attention of diemists seems to 
have been directed to the symbolic expression of the facts of 
their science, a method which had its origin in the mystio spirit 
of alchemy, and the subject has never ceased to occupy a pro¬ 
minent position in chemical philosophy. However, the devdop- 
ment of our symbolic system has by no means kept pace with 
the general progress of the smence. Indeed no essential im¬ 
provement in the method has been effected since its first inven¬ 
tion by Berzelius; and though this notation has doubtless 
afforded much aid to memory, and through memory incidentally 
to reasoning, yet it is difficult to point to even one discovery in 
the science, for which we are indebted to symbolic operations- 
In this respect diemical symbols present a marked contrast to 
other symbolic systems. The application of symbols to geo¬ 
metry and mechanics immediately led to the discovery of 
important truths, which were followed by the most original 
and unexpected development of the symbolic method itsel£ A 
very slight examination, however, of our present system is 
suffident to render evident, that not only are the symbols of 
the dhiemist wanting in precision, but that they are of a totally 
different order from those symbols, the employment of which 
has been attended with such great results. 

The question of chemical symbols cannot well be separated 

* It lia|be6ZL neeesaasj, for conTOiiieoce of pnniiiig, to tzaittfo in thisTefpiiat 
tho table of contents to the end of the paper. 

2 z 2 
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from the conbidemtion of the hypothesis which is expressed in 
them. The actual theory <»f chemistry is based upon the atomic 
theory of Dalton, and in the “New System of Chemical Phi¬ 
losophy” may be found the germ whence our notation has been 
developed. According to the views of this eminent philosopher, 
the ponderable matter of any portion of the elemental bodies is 
assumed to consist of a vast yet finite number of minute, iu- 
divisible, and homogeneous particles or atoms, by the varied 
combinations of which all other substances may be produced. 
With the object of elucidating his theory, Dalton gave (in the 
plates at the end of his work) a kind of pictorial representation 
of the nature of matter from the point of view of his hypothesis. 
He represented the atoms of the elements by single drdes with a 
characteristic mark, and the molecules of compound substances 
by systems of circles "placed side by side in the figure, as the 
atoms were supposed to be placed in nature. Such pictux'es, 
for instance, are the following,* by which he figured oxygen, 
hydrogen, nitrogen, water, ammonia, nitric and acetic acids. 

Oxygon .. 

Hydrogen 

Nitrogen .. 

Water .... 

Ammonia.. 

Nitric acid 

Acetic acid 

In our present system these signs have been replaced by 
letters marking the weights of the atoms, and the circles have 
been removed. But no fundamental change has been made in 
his conception, and in the airangement of letters 0 ^, H 55 O 
and the like, we still retain the image of Dalton under anothei’ 
form. Indeed where special clearness is required, we not un- 
frequently find the circles restored to the picture; and the 
most recent representation of the nature of matter consists in 
a modification of this concrete i^nnhoi to meet the necessities 

a 

♦ Bee “ Hew System of Chemical PMIoaophy/’ port 1, p, 219. 


O 

03 

00 
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of modern ideas * On this view that arrangement of letters in 
the symbol which we call a formula is to be regarded as a figure 
by which the arrangement of atoms in the substance is repre¬ 
sented; the symbolic system being a sort of orrery,t in which is 
imperfectly imitated the stmcture and movements of that nnseen 
molecular world, on the mechanism of which chemical transfor¬ 
mations are assumed to depend. A still more exact comparison 
would perhaps be to a diagram of Euclid, which hears a ceiiiain, 
though a confessedly inexact, resemblance to the object signi¬ 
fied, and serves by this likeness to bring it vividly before the 
imagination4 

This molecular interpretation is, it must be admitted, rather 
a matter of tacit convention than of express statement, and the 
above remarks, without qualification, would be too general, 
For it is a striking featm’e in our science that no system of 
chemical notation has yet been devised of such a nature as to 
receive universal and unqualified assent, or even a unifonn 
int^pretation. Berzelius,§ who is generally regarded as the 
originator ef our present method, considered that the letters 

* Se© KeknU," Lehrlmelk oig^stMieii Cliemifli/* 1881, p. 160, vhei© the Al¬ 
lowing dii^nms are giTen.— 

Hydrochloric add. 

Water.. 

Ammonia. 

Hitrlc acid....... 

. 

t " But formulm may be uaed in an entirely difierent and yet perfectly definite 
manner, and the nse of the two distinct points of rfew will perhaps not be unaer- 
Ticeable. They may be tzsed as an actual image of what we rationally suppose to be 
the arrangement of the constituent atoms in a compound, as an orrery is an image 
of what we conclude to be the arrangement of our planetary system.”—“On the 
Constitution of Salts,'* by A. W. Williamson, Journal of the Chemical Society, 
voL iv, p. 851. 

t An interesting account of the derelopment of ofor present isgrsfcem of notation, 
and its relation to the atomic theory, is gireu in the artude “ Hotatioa ” in W atta's 
Dictionary of Chemistry, >y Professor G. C. Poster. 

§ Berzelius, «Tiait6 de Chimie,” 1845, toL i, p. 119; and "Jahwabericht,” 
v6Lrr,xv20L 
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which he employed simply represented certain weights of 
matter, and that in the symbol of a chemical substance the 
sign 4- was to be understood as connecting every letter in the 
symbol, and was suppressed only from motives of brevity and 
convenience. So that HgO was an abbreviated expression for 
H 4* ** H + 0; H and 0 being numbers by which the relative 
weights of the combining proportions of hydrogen and oxygen 
were expressed. Sir John Herschel, in a paper contained 
in the Edinburgh Philosophical Journal for 1819,* and more 
recently in his introductory address to the Chemical Section of 
the British Association at Leeds, in the year 1858, objected to 
this system of chemical notation as opposed to algebraic con¬ 
vention, and suggested the replacement of the symbol H^O, for 
example, by the expression 2H 4* O, arguing that the apposi¬ 
tion of letters, beiag the algebraio sign of multipHoation, cannot, 
consistently with the conventional principles of algebra, be 
employed to express the sum of two weights. Gerhardt, 
while he admitted the general principles of the atomic mode of 
representation, ridiculed all attempts to express the grouping 
and arrangement of atoms. Such, indeed, is the prevailing 
uncertainty, that even in express treatises on chemistry, all 
details on the subject are freijuently evaded, and symbols are 
introduced and employed without any precise meaning being 
assigned to them. Such latitude is obviously inconsistent 
with the methods of science, and it has been proposed by more 
than one chemist, to whose more exact turn of miud it was 
eminently distasteful, that we should return to the simpler 
system of Berzelius. We are not, however, justified in con¬ 
cluding, as some have done, that because these symbols are 
wanting in precision, therefore they are utterly without reason 
or utihty, mere idle arrangements of letters to which no serious 
meaning can be attachecLf On the contrary, a more candid 

* See Ediubuigli Philosophical Journal, toL i, pp. 8,18, 28. 
t See.Berthelot, “Ohimie organique, fondle sur la synthfese,” 1860, Introdue- 
tion, p. exxu, and p. 189. If the principles laid down by M Berthelot axo to be 
regarded as literally correct, the questions raised in the present memoir are 
unworthy of any serious consideration whatever. 

** Oe serait mgeonnattre btrangement la philosophie des sciences naturelles et 
ezpgrimentales, quo d'attiibuer a de semblables m^canismes nne portge fondamen* 
tale. En effet, dans rgtude des sciences, tout r6sido dans la d$couvorte des &it8 
g&idiaax, et dans celles des lois qui les rattechent los uns aux autres. Pen importe 
le langage par lequel on les exprime; c'ost uno affaire d'expositSon, ;^utdt qua 
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appreciation cannot fail to recognize that, notivithstanding 
many imperfections, they have rendered a most important 
service, by affording an external and visible image of the world 
of chemistry on which the attention may advantageously be 
concenti'ated. Ordinary language is too vague and too difEuse* 
for the purposes of science, and in chemistry especially the facts 
are so numerous and so complicated, that it is only when em¬ 
bodied in a concrete form that they can be stored in the 
memory, and become the object of reflection. Hence even an 
imperfect and material picture may, in a certain epoch of the 
development of the science, be found of indispensable utility. 

The actual theory of chemistry may be regarded as an ex¬ 
pansion of the hypothesis of Dalton. In science, as in other 
spheres of thought, hypotheses often pass wifliout question 
which come to us recommended by early use, and by even a 
short tradition; and when embodied in symbolic language, and 
thus intimately blended with our conceptions, they are readily 
mistaken for facts. No statement, perhaps, would recmve more 
universal or unqualified assent from chemists than that the 
molecule of ammonia contaias three atoms of hydrogen, that 
ethylamine is derived from ammonia by the substitution of an 
atom of ethyl for an atom of hydrogen, and that the reason why 
there are three, and only three, such derivatives of ammon^ is, 
that each derivative is formed by a repetition of the same 
process, and that, the molecule of ammonia containing only 
three atoms of hydrogen, this process can only be repeated three 
times. These conclusions are regarded as so certain as to be 
almost removed from discussion. Bnt nevertheless they cannot 

d*iiiTeiit£on vSiitable: les signes n’ont de Taleor qne par lee fidte diMoti Sh eoati 
Ituege. Male les collfi^ue^ees le^qnes d’sne id/6e ve dumgent poiai^ qnolle qee 
eeit la langoe dans laqnelle on la tradnit’' 

It is a fbndamenial prindple of axmbolie reasoning, to whatever snenee it jboj 
be applied, that we eannot hy the aid of tiymhdi& amve at any condnsion wlndi ia 
not implicitly contained in them. And it might with equal justice he asserted that 
it was a matter of veiy little consequence whether we employed for the pnzpoaes of 
calculation Azabie or Boman nnmezals^ the number expressed being in dtheor case 
precisely ihe same, and *'ihe langnage by which it is expressed being of little 
moment.** Or agasn, that the discoTezy of the method of denoting the postion of 
points in space by means of the zymho^ of algebraic geometry was a reiy nnim- 
portant matter. Onr cone^ldon of a circle is the same as that of the aneient gee- 
metridans, and *'the logical consequences of an idea do not change into whatmr 
language we translate it.** lireTerthelesB our power of following out and appie- 
daUng those consequences may he vex^ materially afihoted by sndi a method, as 
experience baa amply proved. 
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but partake of the hypothetical nature of the theory in which 
they originated. It is only because our primary hypothesis has 
led us to take thi« peculiar view of the atomic constitution of 
ammonia, and to express it by the symbol NH 35 that chemists 
-have adopted these further hypotheses as to the nature of the 
process by which ethylamine is formed, and as to the cause of 
the limitation which exists in regard to the number of these 
derivatives. Again, the theory of atomicity has a similar origin. 
GHycol is supposed to be derived jfrom two molecules of water 
by the substitution of an atom of the diatomic hydrocarbon 
ethylene for two atoms of hydrogen; the diatomic radical, in 
the forcible language of the distinguished discoverer of this 
substance, ‘‘welding” and “riveting^* together the residues of 
the two molecules of water.* What is this doctrine I It is 
simply the expression in language of the relation of the 
symbols 



H 

CA 

H 


O 

0 


And if the course of the science had been, as might have been 
the case, such as to have led us to a difierent view of the atomic 
constitution of these substances, we should have a different 
order of chemical ideas, and the theory, in its actual form, would 
never have existed. 

It is frequently asserted that our present hypothesis affords a 
clear and simple explanation of chemical phenomena, which is 
the evidence of its truth. Now it may be considered that such 
an explanation was perhaps afforded of the incomplete system 
of facts known to Dalton, but with om* present knowledge this 
account can no longer be regarded as satisfiictory. The most 
important feature in our modem system is the identification of 
the weight of the chemical molecule with the weight of the unit 
of gaseous volume, to which we are brought by physical as well 
as chemical considerationB. This great simplification was 

• M Toutes ces mol^enles Bont euaeniSes, en qaelqne sorte, par des poTy- 

atoimiqnee^ qni poj3aM.ent la propri€t6 de se Bonder les nns aux antres.” 

^ IX eati Men entendn qne dans 1 dthyle Inl-mdme les atwneg s<mt xiTds ensemble 
p«lee»boii«tdtnfctomiqne”---W '^Leipons de PhUoscmhie Cliiiniqne»” 1864, 

T 
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px^ctically introduced by Laurent and Gerhardt, and it is 
generally allowed that this assumption affords the surest basis 
of cfaemical theory. Now the atomic theory of D al t o n accounts 
for the feet that the weight of the chemical molecule may be 
regarded as consisting of an integral number of the atomic 
weights of those elemental bodies into which it can finally be 
decomposed. But this is not the only limitation with which 
we are acquainted. The chemists before mentioned discovered 
the existence of a peculiar numerical relation between the 
atomic weights of certain elemental bodies, when combined in 
the chemical molecule, to which they gave the name of ** the 
law of even numbers.” This law may be thus stated:—‘‘ The 
sum of the volumes of the hydrogen, chlorine, bromine, iodine, 
nitrogen, and generally of that class of elements which goes 
under the name of the dyad elements, which are formed by the 
decomposition of two gaseous volumes of any chemical sub¬ 
stance, is an even number.”* This statement rests upon 
evidence quite as satisfactory as that by which the atomic 
doctrine is supported. A formula containing an uneven number 
of these elements jointly is rendered as improbable, from our 
experience, as a formula containing fractions of atoms. But the 
atomic theory in its present form takes no account of this rela¬ 
tion, and so Kttle has this great discovery been appreciated that 
such formulae are often met with, even in the works of accom¬ 
plished chemists; and indeed they are truly admissible, so fer 
as the limitations imposed by our actual theory are concerned. 
It need not certainly be a matter for surprise or reproach, that 
the speculations of Dalton should not apply to a c^s of fects 
with wliich he was unacquainted; nor even can this be regarded 
as conclusive evidence against the truth of his system. But 
nevertheless this omission ^indicates some profotmd defect in 
chemical theory, and if it should be found that another view of 
the cojastitution of matter should cover the whole ground, and 
account by one and the same hypothesis for both numerical 
relations, there can be but little room for doubt as to which 
should be preferred. 

Another, although a less important, defect in our method is 
the singular unit of volume which chemists have been compelled 
to adopt, for which selection no reason can be assigned esxoept 

* See laarentr, "KSibode de ChSmi^” Ed. 1854, p *57, Sat les sombree padn 
d’atomeB ” " Chemical Method,” English iraxudatioiL, 1855, p 46. 
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the necessities of the atomic hypothesis. In the so-caDed two- 
volume ” and “ four-volume” notations the weight of the chemical 
unit or molecule is assumed as twice or four times the weight of 
the unit adopted for the purposes of physical measurement, the 
numbers wMch express the weight of the chemical molecule 
being proportional to, but not identical with, the numbers which 
express its density. An attempt has been mad© to remedy this 
imperfection, retaining the general features of our present 
method, but the changes proposed have never been adopted, 
such alterations being always attended with some inconvenience, 
and the question at issue being one neither of theory nor of 
fact.* 

The following pages contain the outline of a new method for 
the expression, by means of symbols, of the exact facts of 
chemistry, and for reasoning upon these &cts by their aid. 
This method is quite independent of any atomic hypothesis as 
to the nature of the material world, and in it the symbol is placed 
in immediate relation with the fact, being indeed its symbolic 
equivalent or expression- It does not, however, preclude or 
deuy such an hypothesis; the question is not raised. This 
meihod may be regarded as a special application of the science 
of algebra, and in its construction I have been guided by the 
similar applications of that science to geometry, to probabilities, 
and to logic, to which it presents many curious and interesting 
analogies- In these hranohes of science the symbol is not a 
figure of the object, nor is any resemblance attempted between 
Uie symbol and the thing signified hy it. The symbols which 
I shall have occasion to employ are of the same abstract 
character; they pretend to no resemblance to any object in 
nature, and are simply to be regarded as arrangements of marks 
which it is convenient to employ for the purposes of thought. 
The conditions to be satisfied by such a method are few and 
simple- It is only necessary that every symbol should he ac¬ 
curately defined; that every arrangement of symbols should be 
limited by fixed rules of construction, the propriety of which 

* See Lanrent, " M^thode de p. 88, E-n gUaTi IraxiBlation, p. 67. Also 

llx. J* J. WaiersioD, ** On Chemical Noiatioa in eonfiennitj with the Djuanueal 
Theoiy of Heat,” PhiL Ha$. y6L xxvi, pp. 248 and 515, and toI. xxyii, p. 278. 
Also ''KemarlsB on Chemical Notation,” by W. Odling, Ib. Tol. xxvi, p. 880, and 
toL zzTii, p. 380. The propositdon of Hr. TTaterston is the same as that of 
Xianreni^ and amounts to tMs obvious expedient of cutting the molecules and 
asMi * • 
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csan be demonstrated; and that the symbolic processes employed 
should lead to results which admit of inteipretatiorL 

The object of this method may be considered to be the in¬ 
vestigation of the laws of the distribution of weight in chemical 
changes, and the symbols here employed represent “weights” 
in the same sense as the symbols of geometry represent lines or 
surfaces. Now the symbol a in geometry, in its primary sense^ 
maybe regarded as the symbol of the operation performed upon 
the unit of length, by which a line is generated, that is, of which 
the result is a line. In like manner the symbol a, as a chemical 
symbol, is to be regarded as the symbol of the operation per¬ 
formed upon a unit of space, by which a weight is generated, 
that is, of which the result is a weight. Symbols of operation 
have not hitherto been adopted in chemistry, and their intro¬ 
duction forms a distinctive feature of the present method, which 
I have hence termed “ the Calculus of Chemical Operations.” 

It is my intention to divide the subject into three parts. The 
jBrst part, which alone is here given, relates to the construction 
of chemioal symbols. In the second part I purpose to treat of 
the theory of chemical equations, which is intimately connected 
with the general processes of chemical reasoning, and especially 
with the consideration of the nature of that event which is 
termed a chemical change, of which I shall give a new analysk 
foxmded on its symbolic expression. In the third part it is 
intended to consider the principles of symbolic classification and 
the light thrown by this method upon the or^in and nature of 
the numerical laws which limit the distribution of weight in 
chemical change: I shall then have occasion to contrast the 
view of the sdence which is here given with that afforded by 
our exisiing system. 

It is nolv some years since the conception of sudli a work 
first arose in my mind, and these pages are a very imperfect 
record of the time and consideration bestoil^ed upon it, whidb 
yet can hardly be regarded as excessive in relation to the esid 
I have had in view, which has been no other than to free iha 
science of chemistry from the trammels imposed upon it by ao- 
cuniulated hypotheses, and to endow it with the most necessary 
of all the instrum^ts of progressive thought, an exact and 
rational language. “ Toute langue est une mfithode analytique, 
et toute m^thode analytique est une kngue.”—Condillac. 
The views here advocated may appear novel, but neverthelefis 
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I strongly feel that one claim, at least, which they have on the 
consideration of chemists is that they are in truth the rational 
and simple consequence of opinions at which the most reflecting 
minds have already anived, and offer a more complete expres¬ 
sion of current ideas than has hitherto been given. Indeed on 
such subjects novelty is almost inconsistent with truth. For 
the conceptions through which sciences pass necessarily have 
their origin in the views which preceded them, of which they 
are but the natural firait. The method here developed will be 
seen, if carefully considered, to be but another step in the direc¬ 
tion of the chemical movement of the last twenty years, which 
some imagine to have found its final consummation in the 
doctrines of “modemchemistry.’^ Such could never have been 
the conclusion of the great chemists from whom this impulse 
emanated, who definitely refiised to recognize the atomic doc¬ 
trine as the adequate exponent of their ideas, and who implanted 
in the science the germ of a more abstract philosophy, which it 
has ever since retained. 

The object of the following method has been defined as the 
investigation by means of symbols of the laws of the distribu- 
lion of weight in chemical change, a problem evidently of the 
widest range, and embracing many distinct questions. To the 
consideration of one, and certainly not the least important, of 
these the first part of this work will be more especially devoted, 
najndy,to the discovery of a system of symbolic expressions by 
which the composition of the units of weight of chemical sub¬ 
stances may be accurately represented, and which may hereafter 
be employed for the purposes of chemical reasoning. The 
value of our conclusions must depend upon tlie degree of pre¬ 
cision and certainty with which this point is determined- It 
will be shown that the problem is of a perfectly real nature, 
admittmg, where the experimental data are adequately sup¬ 
plied, of only one solution. The discussion of this question 
involves the consideration of the fundamental principles of 
symbolic expression in chemistry. 

Section T.—^DEEiNrrioNS. 

It is essential for the purposes of exact reasoning that the 
tenns employed should be accurately defined. This can only 
Tte 4iflSs»cited either by the invention of new words or by the seleo- 
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tion from the many shades of meaxung "which may be attached 
to esistiiig words of some one definite and appropriate signifi¬ 
cation, in which it shall be agreed to employ them* I shall 
adopt the latter and more obvious conrse- 

1. The term “ponderable matter,” in its chemical application, 
is a term by which that class of objects is denoted, the trans¬ 
formations of which form the special study of the chemist. Not 
that the property of weight can exist apart from those other 
properties of form, colour, and the like, with which, so far as 
our experience extends, it is invariably associated, but that in 
the actual phase of the science this property is chiefly considered, 
it being the only property of matter in regard to the chemical 
changes of which we possess any exact knowledge. No further 
explanation of this term can advantageously be offered, except 
by exhibiting or enumerating the objects (such as water, silica, 
oxygen) which are comprehended in the class. 

2. A “ chemical substance ” is a portion of ponderable matter, 
of which every part has the same properties. 

It is often difficult to decide whe&er this condition be satisfied 
or not, but the propriety of the above definition will be mam- 
fest from the line of argument which is applicable to such cases. 
Take, for example, the case of atmospheric air. To a super¬ 
ficial observation, every part, however minute, of any given 
portion of the atmosphere has the same properties. But a more 
exact scrutiny leads us to infer that this is really not the case, 
but that it consists of parts, which diffuse with different velo¬ 
cities, and are unequally soluble in water. On these principles 
it has been established that the gas procured from the decom¬ 
position of acetic acid is truly, in the sense of the above defi¬ 
nition, one chemical substance, marsh-ges, and not twochesmical 
substances, hydrogen and methyL 

3. “A weight” is a portion of ponderable matter of any speci¬ 
fied kind considered as regards weight. 

This application of the term a mightiB only a sKght extension 
of its ordinary use. A gramme of platinum which serves for 
the purposes of weighing is termed a weighty this being the only 
property of that portion of matter of which it is necescwiy to 
take cognisance.* Now the weight of matter, from a different 

• The term weight is, in ordinary language, used with two distinct meanings. 
(1) In what may be termed its abstract signiBcatiwi, as denoting a eertaia measura¬ 
ble properly of matter, as when we inqnira, ** What is the wei^t of that loafi” 
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and far T?ider point of vie^w, in the laws of its composition and 
resolution, is the special subject of this investigation; and the 
aspect in which every chemical substance, every portion of pon- 
derable matter, will be here regarded is exclxugively as a weight. 
In q)eakmg of such weights we habitually employ, by a tacit 
convention, the terms by which the chemical substances, of 
■which the weight alone is referred to, are usually designated. 
But this is not a strictly accurate use of language; and it is 
necessary to observe that in the following pages, where chemical 
substances, such as chlorine or alcohol or water, are mentioned, 
or the term “a portion of matter” is employed, the objects 
referred to are certain weights of the substances under con* 
sideration, to the exclusion of all other properties. 

4. A ‘‘single weight” is a portion of ponderable matter of any 
specified kind considered as regards weight and as one object, 
as for example a portion of oxygen, or a portion of ponderable 
matter consisting of oxygen and hydrochloric acid considered 
as one object, or two portions of oxygen similarly considered. 

5. A “ group of weights ’’ is some number of single weights, 
such as a portion of oxygen and a portion of hydrochloric acid 
considered as two objects, or two portions of oxygen similarly 
considered. The single weights of which a group consists are 
termed the “constituents” of the group, which is said to be 
“ constituted” of them. 

6. Two portioiis of ponderable matter which consist of the 
same “ weights” are said to be identioal as regards weight. 

It foUowB firom this definition that what may be termed the 
absolute weight, or weight in grammes, of “ identioal weights” 
28 equal. 

Our knowledge as to the identical relations of ponderable 
matter is derived exclusively fi’om the science of chemistry. 
Were we unacquainted with the peculiar phenomena of dbemical 
-transmutation, or were we ignorant of &e circumstance that 
in chemical change the total weight of matter is unaltered, the 
existence of such relations would be unknown to us. It is so 
important to have a dear perception of that distinction, which 

(S) la $ig conerefte senee^ as denotiiig certaui objects which we diseriminate from 
Qitibeis bj naming them firom their most essential property, as when we say " Bring 
me that box of weights.” It is in an extension of this concrete meaning that the 
woicd is here employed. It is not, of course, intended to assert that the transfbnna- 
ilon 1^ is the only saljeet of chemical science, bnt simply to fix atten- 

as the only topic which Is here dtsenssed. 
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is here made, I beEeve for the first lime, between equality and 
identity of weight, that a few words in somewhat fiiUer e 2 :pla^ 
nation of the grounds on which this distinction rests may not 
be deemed out of place. 

If we were to taie any portion, say a gramme, of water, and 
obseiwe its properties on two successive days, the conditions 
under which the water was placed being assumed as fixed, it 
would be found that the properties of the water were precisely 
the same at the second as at the first observation. In this case 
the identity of properties would be absolute, and as we know 
that at whatever time the observation had been made, under 
the same conditions, the same result would have been obtained, 
we should hence arrive at the conception of the continuous 
existence of one and the same object, which we should denote 
with perfect precision by one and the same name, a gramme of 
water. Now let it be assumed that some condition varies, that 
the temperature, for example, rises from 60® to 9(f, and let 
another observation be made of the properties of the water. It 
would be found that these proparties were no longer identical 
with those previously observed; that the bulk of the water had 
increased, and that some properties had varied while others had 
remained constant. the expansion of water were the point 
under consideration, those properties which had varied would 
be of fundamental importance; but as for most purposes these 
variations may be disregarded, the object is still assumed to be 
the same, and called by the same name, a gramme of water. 
Let the temperature rise to 100% and let a new observation be 
made. The liquid has become a gas, and the change of prcH 
perties is so great that a new name is assigned to the partiooi 
of matter, and it is said that the gramme of water has been 
converted into a grainme of steam. Nevertheless many of the 
propei-ties of the steam are identical with those of the water, 
and these being the properties with which the chemist is mainly 
concerned, he asserts the identity of the two objects fi>r the 
purposes of his science, and says, notwithstanding this trans¬ 
formation, that steam is simply the gaseous form of water. Now- 
let the conditions be again varied* At a further elevation of tem¬ 
perature it will be found that a more profound change h^ 
occurred. In the place of one continuous portion of matter, m 
every part of which the same properties may be recognised, we 
have tWo distinct chemical stCbstanoes, each ciharactensed by a 
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special set of properties. The volume has permanently altered; 
many chemical as well as physical properties of the water have 
entirely disappeared. The chemist marks this change by assign¬ 
ing a new name to the portion of matter, and says that the 
water has been converted into oxygen and hydrogen. It has, 
however, been found that even in thiS profound change one 
property has not been affected, namely, weight. This property 
is constant; and we assert in the most absolute sense that the 
weight of a gramme of water is identical with the weight of 
the gramme of oxygen and hydrogen into which it is transformed, 
for this property, throughout this series of changes, has never 
varied nor ceased to have a continuous existence. Now a 
gramme of water will produce the same effect on a balance as 
a gramme of lead, and it is ihis relation which is here termed 
equality of weight. This relation also subsists between the 
weight of a gramme of water and the weight of the gramme of 
oxygen and hydrogen into which it is transformed; but these 
weights are also connected by another relation, which I have 
termed identity, which does not exist between the gramme of 
water and the gramme of lead. 

It is thus that we are led by experience to the inference com¬ 
prised in the following statement. ^ 

If a portion of matter A be chemically converted into a por¬ 
tion of matter Aj, then the weights (or portions of matter con¬ 
sidered as regards weight) of which A consists are identical 
with the weights (or portions of matter considered as regards 
weight) of which A^ consists. 

It will be found, on analysing the process of reasoning by 
which we conclude the continuous existence of the same weight 
m a chemical change, that the evidence by which it is supported 
is precisely of the same order as that by which we are enabled 
to assert ihe continuous existence of any external object what¬ 
ever. This evidence is brought spontaneously and witliout 
effort before the mind, and is so perfectly conclusive, however 
difficult it may be to submit it to analysis, that an eminent 
writer has actually imagined the doctrine of the permanence of 
weight in chemical changes to be a truth which the mind recog¬ 
nises at once when stated, by some special intuition, as “flowing 
from the idea of substance.”* As to the nature of this process 

“ PhHoBopiy of the Inductive jSciences ” vol. i, cW iv, p. 412. 

mfir, <‘0n. the ^.pplusKiaoiL of the Idea of Substance in ChemSstiy." * 
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we ate left in the dark. However, such assumptions are happily 
as unnecessary as they are unmeaning, audit is sufficient for all 
the objects of s(nence if we admit this asiom to be the undoubted 
acquisition of those combined processes of reasoning and obseiv 
vation, which are the only sources of exact knowledge. 

7. A compound weight ” is a single weight of which the 
whole is identical with two or more weights- Such weights are 
termed the components of the compound weight, which is said 
to be composed of them. 

It follows from this definition that every part, individually or 
separately considered, of a compound weight is proportionally 
identically with the same weights of which the totality is com¬ 
posed? that is to say, if the whole of a compound weight be 

identical with the wei^ts A and B, ^th part of that compound 

weight, in whatever way the division into parts be effected, is 

* 1 1 

identical with -th part of the weight A and -th part of the 
n n 

‘weight B, and is aimilarlj oomposed of those parts; and also it 

is to be inieired that if evety Ith part of a sin^e weight he 

n 

1 1 - 

identical with -th paft of a weight A and -th part of a wei^t 
n w 

B, the whole of that smgle weight is composed of the wei^ts 
A and B. 

A group of two or more weights may, in the sense of this 
definition, be regarded as a compoimd wdight, if only every 
constituent of the group hare a common omnponent. 
fys example, a group consisting of two portions of matter, of 
Whioh the one is composed of A and B, dnd the othiff of A and 
O, may be regarded as a single wdght (See. L, Def. 4) of which 
the totality is composed of A and B or d; for i^ regarding the 
group as one olgect, we agree not to effect the separation of its 

ccmstitueuts, every - th part of that wei^t satisfies propor- 

91 

tionally the same condition. 

Some difficulty may perhaps be felt in assenting to the above 
reasoning, from a certain ambiguity in language in the use of 
the conjunctions “and” and “or.” That these conjunctions 
have the same meaning, so ftx as the purposes of enumeration 
are coriberned, is apparent on enumerating the consti^pents of a 
VOL. XXL 2 F 
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groTip with each conjtmction. The language of symbols is free 
from this ambiguity, the two conjunctions being represented by 
one mark, as hereafter be explained. 

8 . A “simple weight” is a weight which is not compound. 
It may also be defined as a weight which has only one com¬ 
ponent. Two weights are said to be simple in regard to one 
another which have no common component. 

9. An “ integral compound weight ” is a weight which is com¬ 
posed of an integral number of simple weights. 

10. It is necessary to select a “unit of ponderable matter” 
which may serve as the common measure of those chemical 
properties which it is our desire to investigate. Such a standard, 
for example, would be supplied to us were we to select as 
the common term of comparison that portion of ponderable 
matter of which the absolute weight is one gramme. This plan 
would have the great advantage of prooee^g upon accurate 
and certain data, but, on the other hand, the conclusions to 
which it leads would be of comparatively little interest. The 
present method aims at effecting a comparison of the chemical 
properties of those portions of ponderable matter which, in 
the condition of perfect gases, and compared at the same 
temperature and pressure, occupy equal volumes. 

In the numbers which express the specific gravity of gases a 
similar comparison is made of the absolute and relative weights 
of the same portions of matter; and it will be found convenient 
to refer physical and chemical properties to the same standard. 
I shall therefore define the “ chemi^ unit of ponderable matter’^ 
as that portion of ponderable matter whidi occupies the volume 
of 1,000 cub. centims. at 0° and a pressure of 760 millims. of 
mercury. The weights of tho chemical unit of ponderable 
matter may be expressed in two ways according to the object 
in view; as the absolute weight in grammes, and as the relative* 
weight in reference to the weight of some one unit assumed a 
the standard of comparison. For this purpose the weight oi 
th^unit of hydrogen will be selected. 

11. The Volume of 1,000 cub. centims* is here termed “ the 
unit of space.” 

The nj^stem of chemical measurement which has grown up 
abound the atomic theory is of a singular and axtifioial character, 
chemist is accustomed to assume as his standard of com- 
ryot some rqal and ex^lsthrg olgect^ but a mclecteile^” an 

¥ 
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imaginary arrangement of ima^ary atoms, of which, no porecise 
definition, by which it can be recognised, has ever been given. 
It should at least be shown that a system thus constructed offers 
special faculties for thought. But in truth it has been found so 
perplexing in practice, that the most skflled teachers* have been 
forced to admit that the student requires to be initiated into this 
world of hypotliesis by means of more concrete and exact ideas. 

12 . The term “distribution of weight” may be defined as 
that operation by which a compound weight is resolved into its 
component weights, or by which it is made up from those 
weights, regard being had to some special system of such 
events which is the subject of cousideration. 

A “ distributed weight” is a weight which, in such a system 
of events, is resolved into two or more weights, or made up 
from such weights. 

An “ undistributed weight” is a wright which, in the same 
system of events, is not so resolved, or so made up. An 
undistributed weight may also be defined as a wmght which 
is resolved into one weight, or made np from one weight alone» 

This division of wei^ts into distributed and undistributed 
weights is coextenrive with the previous divimon of the same 
into qompound and simple weights. A distributed weight is 
necessarily a compound weight, for we csan always assert its 
identity as a whole with the parts into which it is distributed; 
and a weight which is not distributed, can only be regarded as 
a simple weight, for, by hypothesis, no information is supplied 
to us from the system of events under consideration, which 
enables us to assert its idenliiy with any other weights, snch 
an assertion in every case being purdy relative to the fibcts 
belbre us, and open to modification by the acquisition of further 
knovld^ed^ 

# Two diiemists have ret^ily givan indepfitiSenfe ies'Hiaoiij to the vslne 

of a more real standard than is aflihrded by this imaginary " molecala,'' Br. H of- 
mann, ia his " Modem Chemistry,** has adopted the term "^rith ” to denote aaeh a 
real unit,—a ciith being the vmght of 1000 eah. centims. of hydrogen at 
temperature and pressore. Professor Williamson has, fipom dmilar moti^of 
utility, adopted an ** absolute Ydume** of 11*2 litres, which is the hulfc of a gnmnie 
of hydrogen, also at standard temperature and presauie. I nov propose to advaom 
another step in the same direction, and to substitote the real far the 
not for a special object alone, or to pave the way for more important Uieotta^, bat ftr 

all the purposes of chemistry. . 

See "Modem Chemistry,” by A. W, HofSottann, 1866, pp. 121 and 180; and 
« Chends&y for Students ” by JL W. Wiiliamson, p. 4. 


2 P 2 
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It is essential to remark that the previous definitions are 
definitions of abstract conceptions, which have immediate refer¬ 
ence to the symbolic method developed in the following section, 
for the construction of which they afford an adequate basis, and 
which is necessarily more comprehensive than those special 
subjects of physical investigation to which it is hereafter to be 
applied. 

Section II.—On the Symbols op Chemical Operations. 

Having explained the nature of those objects and relations 
which fall under the consideration of the chemist as the investi¬ 
gator of the laws of the distribution of weight, I proceed to 
consider their symbolic expression. 

(1.) Let a chemical operation be defined as an operation per¬ 
formed upon the unit of space, of which the result is “a weight^ 
(Sec. L, Del 3), and let as^ be the symbols of such opera¬ 
tions, of which the weights A, A^, Ag are the results. Then the 
symbols of operations, .r, are termed (for brevity and 

convenience) the symbols of the weights, A, Aj, Ag. 

Any symbolic expression into which the symbols of chemical 
operation enter is termed a chemical function- ^ 

(2.) Two chemical operations are said to be identi^ of 
which the results are identical as regards weight (Sec. I., De£ 6)- 
Now let the symbol = be the symbol of identity. Hence if the 
weight A be identical with the weight Aj, ai = asy. 

(3.) Further, let the symbol 4- be the symbol of that operar 
tion by which a weight is added to a weight so as to constitute 
with it one group (Sec. L, De£ 5); and let the symbol — be the 
symbol of that operation by which a weight is removed from a 
group of weights. These operations are expressed in language 
by the words “ and” and “without.” 

From these definitions « + a?! is to be regarded as the symbol 
of a group constituted of the two weights A and A^ and a? + 

is the symbol of two weights A, and « — is to be 
regarded as Ibe symbol of the weight A without the weight 
A|. For this latter operation to be performed, it is necessary 
ftitt the weight Aj, should be part of the weight A. 

Now since a group which is constituted of the weights A and 
ideRtioal with (Sec. J., De£ 6) a group whidb. is coxistituted 
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Also, since it is immaterial in what order the operation is peiv 
formed which resnlts in the exclusion of a weight from a group 

a? — s= — arj 4- a?. 

in the expression a* — a?j, = jr the expression becomes 
the symbol of a group in which no weight appears; for it is the 
symbol of that weight which is the result of removing the 
weight A from the weight A, in other words, .r — j' is the 
symbol of the weight A without the weight A, but the result of 
the successive performance of these operations is ivo ponderable 
matter. By analogy of interpretation to that of the symbol 0, 
regarded as a numerical symbol, let 0 be the symbol of a group 
in which no weight appears, and which has had its origin in the 
several performance of the operations x and — ar; so that x — 

« = 0 . 

The chemical symbol 0 has the property of the numerical 
symbol 0 given in the identity 0 + « = ; for the ponderable 

matter which results from adding the weight A to a group ^in 
which no weight appears is identical with the ponder^le 
matter A* 

Also, since a group is not affected by removmg from it no 
weight, the symbol of a group is not affected by removing from 
it the symbol of no weight, and 0 + = 

The interpretation which is here assigned to the symbols + 
and — is strictly analogous to that which has been given to 
them in the arithmetical and logical systems.* They are the 
symbols of those operations by which we form a group from its 
constituents, or remove the constituents from a groups These * 
operations, which may be termed the operations of ** aggrega¬ 
tion” and "segregation,” are found in every department of 
bought. ISo uniform meaning has hitherto been attached to 
the symbols + and in chenristry, notwithstanding their 
constant use. The prevalent opinion seems to be in fovour of 
the use of the symbol 4* as the symbol of" mechanical mixture.”t 
It is difrLCult to say what may the exact signification of this 

# Boole. "levs of ThovgW P- 82, 

t See Odling's “Manoai of CJhemiiStry.'’ 1, p. 4. -“The aaiga + i^Ddfiee 
addition to, or xather mSxtaro with.** i^lao, WllliaHnsoii'B ^Chendsfeij feto 
StodentB,* p. 87. aiga 4- interposed between figpmbols denotw iddiliM& or 

xoixture of the atoniB or mdLeoales which the i^iiihois lepremerti, Tbm Bi -t O 
deaobesa xBdxtaze oE 1 part hj weight of tydn^eo, with IS pKrto ty of 

ozygen.** i| 
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term. In the present method, at any rate, no such interpretar* 
tion is to be attached to the symbol, it being quite immaterial 
for the end in view whether the objects referred to be what is 
termed “ mixed ” or not. A similar nncertainty prevails in the 
use of the symbol of identityJ*^ The symbol = is sometimes 
employed in chemistry as the symbol of numerical eqnaliiy, at 
other times as the symbol of chemical transmutation. So far 
as I am aware it has never yet been employed with the signifi¬ 
cation which I have assigned to it, nor has the relation which it 
here expresses been recognized in the conceptions of the science, 
among which it occupies so fundamental a position. 

(4.) Further, let r -h or (r -f rj) be the symbol of the 
two weights A and A^ collectively considered as constituting 
a single weight.. Then x + + y -f- 'will be the symbol of 

a group of which two such weights are the constituents, and 
(r 4* + (y + yi) 'will be the symbol of two such weights 

collectively considered, and as constituting a single weight. 

Now, sinoe the result is the same whether we add or remove 
a group of weights collectively, or add or remove the consti¬ 
tuents of the group severally, 

^ + y ^ Vi = « + y 4- yp 

« - y + Vx = « - y - yp 

^ + y - y\ = ^ + y — yp 

« - y - yi == « - y 4- yr 

From this we may infer that the chemical symbols 4- and — 
have the properties of the numerical symbols + and —, so 
that 


-h 4* *2? = 4" 

— 4- JT — /p, 

4- — j? = — d*, 

— ^ — -f" 

(5.) Now, let W be a compound weight, of which certain 


* Odling's "ChemifitiyvoL i, p. 4. ''The luga sligiiifies equivaiency with, 
er lather c<mvend<m mto,” Williamson says^ p. 37, '*The ^gn » is osed in 
deeerihixitg ehemieal changes. It only denotes equality in vdght between the snm 
ef ijbe atoma of eadi kind on one side of it, and the «nm of the atoms of the same 
the odier side of it...... £E> 4- O »£PO means that 2 parts by weight of 

toiepaitaby weiglib of oxygen, can be made to combine to foxm 
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portioiis of matter named A and B are the components (Sec. I., 
De£ 7). Let f be the symbol of the weight W, and j? and y the 
symbols of the weights A and B respectively. Further, let 
be selected as the symbol of the weight W, so that 

f 

ay is termed a composite symbol, of which a and y are the 
factors. The symbol ay is also termed a combination of a and 

which are said to be combined in it. 

Ky = Of, then f == jtj, which may also be written and 
generally if ^ be the symbol of a compound weight of whidbi 
the component weights are n weights named A, weights 
named A^, weights named A 2 of which 

• . . * . are the symbols, then 

^ ..... 

If in this expression ^ ^^ * • * • 

Now, recurring to the symbol 4ry, since a portion of ponder^ 
aUe matter composed of A and B m identical with a portion of 
ponderable matter composed of B and A, 


ay = yd?, 


that is to say, the order in which apposed symbols of chemical 
operations are written is indifferent. Syml^ls possessing this 
property are termed ‘‘commutative.” 

A consequence of this commutative property is that 


fixr 


(4y)»s=d^; 

(ayy = xyxy 


= aayy 
' =d?y. 

» 

Further, let there be a compoond wdght V, of wfaidi t h the 
symbol, of such a zubtoxe tiiat it is identieal'with the componeut 

'wdght A 'wiiliout i^e oomponent we^t B, sad let - be sdected 

as the symbol of Ihe weight V. Then 
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■whence, on similar principles, if 6 be the symbol of a componnd 
weight V identical with n component weights A component 
weights Aj, Wg component weights A^, ... .without m component 
weights B, component weights mg component weights, 
®2 .. 

$ = • • • 

where ze, d?i, as^ .... y, yj, .... are the symbols of the 
weights A, A^, Ag, . .., B, B^, Bg.... respectively. 

We may also reason thus: xi/ is the symbol of a weight which 
results from the successive performance upon the unit of space 
of the operations y and yx is the symbol of a weight which 
results from the performance of these operations in an inverted 
order, and (a?y) is the symbol of a weight which results from 
their joint performance. Now, since the result is the same in 
whatever order the operations be performed, and since it is im¬ 
material whether the operations be performed jointly or suc¬ 
cessively, we infer that 

a?y = y^ = (j?y). 

(6.) If in the composite symbol <p one of the factoids be the 
symbol of a group, so that 

f = «(y + yi), 

^ is to be interpreted as the symbol of the weight which results 
from the combination of the weight A with the group of weights 
B and B^, the group being collectively considered and as con¬ 
stituting a single weight (Sec. 1. De£, 4, 5, and Sec. EE. (4)),— 
not, however, be it observed, a single weight compounded of the 
weights B and which would be symbolized by yyj, hut a 
siagle weight eomtUated of B and Bj, which is symboEzed by 
(y 4- Pi), (Sec. I. Def 4, 5, and 7), Now the weight A will he 
combined with the group of weights collectively considered^ if it 
be combined with the constituents of the group eeverally^ but 
tibie symbol of the weight A combined with the two constituents 
of the group severally is wy + xy^. We hence arrive at two 
symbols for the same weight, which express indeed two 
different aspects of the same object, but which are identical as 
3Cf0kxds the object signified; whence ^ 

+ yi) s= 
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Also by a strictly analogous inteipretation to that assigned 
to the symbol jry as a symbol of operation, the symbol x{y + yj) 
is to be interpreted as the symbol of a weight which results 
firom the successive performance upon the unit of space of the 
single operations (y + yi) and Now the result of performing 
the Bingle operation (y — y^) is the same as that of performing 
Beveralhj the two operations y and y,; and as regards the re* 
suit, it is immaterial whether we first perform seierally the two 
operations y + yj, and then perform upon these two operations 
the operation indicated by as expressed in the symbol 
xy -I- ^yi» or whether we perform the single operation (y + y^) 
and then perform x upon that, as expressed in the symbol 
^(y + yO- From whichever point of view we regard the 
symbols, whether as symbols of operation or as symbols of the 
results of operations, we are brought to the same conclusion, 
that 

^(y + yi) = ^y 4- ^yi- 

In like xnazmer it may be shown that ^ 

{x + «i)(y + yi) = «y -f fl?yi + «iy + 

(x +^i)(y + yO being the symbol of a single compound we^ht, 
of which the groups A or A^ and B or are the components. 
Symbols which possess this property are termed distributive 
symbols, 

(7.) Although the selection of a symbol is in a certain seiose 
arbitrary, it is by no means a matter of indifference; and the 
symbol xy which is here assigned to a continuous compound 
weighty BO far &om being (as might be ihought ffom a super¬ 
ficial consideration) contrary to symbolic analogy, is the oxSj 
symbol by which the desired end could be attained consistently 
with usage. The symbol ^y in its abstract interpretaiion is the 
symbol of the operations x and y operating successively Txptm the 
unitllr subject of operations; (xy} is the symbol of the same 
operations but operating jointly ; a? + y is the symbol of the 
same operations operating upon the same subject but operating 
sm&rally^ and (a? + y) the symbol of the same operations^ bat 
operating colUiMvely. This fundamental distinction in opera¬ 
tions as swce8evoe^|^ jointly^ seceraUy^ or eolkctiueify performed^ 
appears in various forms m the different scienoes^ and is Ibibsd. 
in every branch of knowledgcr which admits of symbolic %eat 7 
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meat. la chenustry it expresses the various ways in which we 
may conceive of the existence of the same ponderable matter. 
The language of symbols supplies the means of simply and 
adequately esyressing these conceptions, isolated from every 
other consideration, which are not only very imperfectly 
expressed by the usual molecular representation, but are there 
complicated by many considerations which are totally irrelevant 
to the real point at issue. 

Section in.— On the Ghbmioal Symbol 1. 

(1.) The preceding considerations suggest the inquiry as to 
the symbol of a compound weight, of which the weight A and 
no weight are the components. Now, since any portion of pon¬ 
derable matter is not altered by the combinalaon with it of no 
ponderable matter, a weight of which the weight A and no 
weight are the components is the same as the weight A. Hence 
if ^ be the symbol of the weight A, and y the symbol of no 
weight, 

ay ss aSm 

Now the symbol 1 regarded as a numerical symbol, possesses 
Hie properly given in the equation 

al = X. 

From this correspondence of gymbolio properties, and guided 
by the same considerations of analogy as those on which the 
symbol 0 was selected as the symbol of no weight, regarded 
as the co] 9 stitaent of a group, I shall select the symbol 1 as the 
chemical symbol of no weight regarded as a component of a 
ooiK]q>ound wei^t. 

Since any portion of matter whatever may be considered as 
a cx>mpound weight of which that matter itself and no wm^t 
are the components, iP f be the symbol of any weighty 

^ =S f 1. • 

The symbol 1, therefore, is implicitly contained as a common 
ftctor in every cheimoal symbol, being either expressed ov 
imi&nstood aa && symbol of iihe common subject of aU chemacal 
tbisstdgsKiitofeheimi^ 
of aj^aoe^ Oep. L, l1[}, a term already 
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appropriated to it in language, for it is in space that we 
conceive of the existence of ponderable matter. This interpreta¬ 
tion of the sjnoabol 1, as the symbol of the unit of space is 
identical with the meaning before assigned to it^s the symbol 
of no weightthe only property of matter tinder consideration 
being weight, by the absence of which the nnit of space is 
dejSned. 

(2.) The correctness of the above reasoning is further evident 
&om the identity of the other algebraic forms of the chemical 
symbol 1 with the algebraic forms of the same numerical symbol^ 
notwithstanding the difference in interpretation. 

We have seen that or* is the symbol of a compound weight, 
of which n weights A are the components. Hence the symbol 
of a compound weight, of which 0 (or no) weights A axe the com¬ 
ponents, is ai\ But a weight of this kind is the same as “ no 
weightwhence 

= 1 . 


The symbols 1 and afl ooireepond to the different ways in wHdtt 
*^no weight” may have originated, the result being the same 
whether the operation performed do not cause weight, or 
whether an operation causing wdght be not performed; the 
farmer view being expressed by the symbol 1, the Utter 
by 


Again, if in the expression - (Sea IL (5)), y = this expres- 


sion becomes the symbol of a compound weight composed of the 
weight A without the weight A, tiiat is to say, wlddh is com¬ 
posed of no weight; whence also 





Tbis fbjxd. form of the symbol 1 conespondB to a third oiigib 
of the absence of vei^t, -which -we may also regard as 
effected 1^ the simnltaneons performance of inverse operalvma 
Tip<m the unit of space, the result of one of \riimhi8 to cause “a 
weight,” and of the other to remove the same. Acooieot {^yston 
will take cognisance, not of one only, bat of every- -way in 
a g^ven resnli can be attained. , 

There is considerable difSouliy in the oae of language for the 
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become clearer by fuller explanation. Let it be sufficient, in 
conclusion, to state that the chemical symbol 1, while it is a 
necessaiy constituent of the system of chemical symbols, and 
maybe and indeed must be employed to give effect to the 
purposes of the chemical calculus, is not to be interpreted in 
weight. 

(3.) An inquiry not without theoretical mterest is immediately 
suggested by the previous considerations. We have arrived at 
the symbol of no ponderable matter, regarded as a component 
of a compound weight; what is the symbol of all ponderable 
matter, similarly regarded? Now all ponderable matter is 
characterized by the property that the addition to it of any 
finite weight does not alter our conception of it. Hence a com* 
pound weight, of which all ponderable matter *and a finite 
weight are the components, is the same ss a compound weight 
of which all ponderable matter is the single component. Hence, 
if y be the symbol of all ponderable matter thus regarded, 

yx = y. 

Now the numerical symbols 0 and oo satisfy this condition, 
since Oas = 0, and oo a; := oo ; and either symbol, so &r as this 
equation is concerned, may be with equal propriety selected as 
the symbol of aU ponderable matter. This is by no means 
contrary to analogy. As the numerical symbols 0 and go are 
symbols of which all numbers are fectors, so the chemical 
symbols 0 and qo are symbols of which all other chemical 
symbols are components, 

03 •" ... . 03 , 

0 = . 0 . 

in the eome sense as the E^mbol 1 is to be iuteipreted as the 
symbol of space, so it 'will appear, on consideration, that the 
symbol oo is to be interpreted as the symbol of the ponderable 
mnyeiEse r^arded as a irhole. Neither object can be presented 
to ^ imaginalion, but, nevertheless, they are to be treated as 
jeiditieB in the order of ideas, and appear in the chemical systeot 
as necessary limits of our conceptions. 

(4.) Similar ideas occoz in every symbolic melhod. In 
sjrjgobolic dhendstty 1, as the symbol of the nnit of space, the 
of r^mioal ^eraiaons, pccnpies the place hd^ in the 
hdOolaBby’ 1) the symbol of tihe unit of length con- 
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sidered as the subject of the operations of geometry. Again, the 
chemical symbol oo holds a position analogous to that occupied 
by the qrmbol 1 in the calculus of probabilities, as denoting the 
total subject matter of the science, and the chemical symbols 1 
and oo, the symbols of space and of the ponderable universe, 
represent in the calculus of chemistry the limits between which 
the values of all other symbols are comprised, precisely as in 
arithmetical algebra the corresponding l^ts are represented 
by the symbols 0 and oo , and in the calculus of logic by the 
symbols 0 and 1 .* 

Section IV.— On the Fundamental Chemioal Equation& 

(!•) sty is the symbol of a single weight which is composed 
of the same weights as those of which that group of weights 
is constituted of which « 4 y is the symbol. Xow according to 
the definition which I have given of chemical identity, two 
weights are said to be identical which consist of the same 
weights (Sec. I., Def. 6 ). Hence the weight of which xy is the 
symbol is identical with the wei^t of which 4 ? 4 y is the sym¬ 
bol; and 

/ry = a? 4 y. 

In Kke manner, since - is the symbol of a single weight 09 m- 
y 

,posed of the same weights as that of which the group of weights 
^ — y is constituted, 

X 

- = aj — y. 

y 

These equations may justly be termed the fundamental equa¬ 
tions of the Ohemical Oaloulus, for irom them chemical symbols 
' derive their distinctive character, and, throng the limitations 
thus imposed upon them, are discriminated from num^cai 
symbols, which in many respects they resemhle.t 

• BooH “ of ThonghV* p. 

t This equation occnplea a somewhat similar piboe in Sie ttodoaZ oiMnrte 
Hist hM in the qfstem bj the equation » a;<B0ole. Laws of 
p. 31), as lemg expres^Te of a ehmoteiMb piop^tif bp whkii the ipniMsm 
distiBgohhad Timof ilm existenee 0 ^ aetaasof i^fsibolikotlur 
ipmlx>i8<^ thelogaxithmsof nombers. which aalu^ fim oond^^ 

yn»hi^e4eil^l>.7.Qngot7 inldspaj^inrOa the Beal , 
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(2.) in the equation + y=l, ^ a + 1; 

whence since a ^ al and ^ - « = 0, we infer that 

0 =^ 1. 


This equation informs ns of the identity of the ponderable matter 
of which 0 and 1 are the symbols, which has already been 
shown. 

The same point may be proved in a similar manner as regards 
the other forms of the symbol L For since 


and 

Or, since 


And again, since 


ify = Sy 




.T — =s a? — lar, 

XC *■“ cl? JSJS 

0 = 

mas = a?**, 

0 = afi. 



^ — y. 


Of 

X 


ss a? — a?, 



We thus arrive from the general properties of chemical sym¬ 
bols at the same result as regards the forms of the symbol 1, 
and the inteipretation of that symbol, as was inferred frona the 
i^pecial interpretations of each form of that symbol. 

(3.) in the equation juy = 5 ? + y, ^ = 1 and y = 1, 

1» 1 -f 1 


From this and the previous equation, 0 = 1, it is to be inferred 
tiiat 

Oasl.SB0ss3».....92» 

It hence follows that any number of numerical symbols of this 
^ added to a ch efa ica t function wiihont^affeoting its 
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iateipretaiioB; a property wloich ‘will tereafter be shown to 
adixiit of important applications. The reason of this is that in 
every independent symbol of number which enters into a 
chemical fonction the chemical symbol 1 is understood as the 
subject of operation, so that 9 = 2x1, and that this symbol 
has no interpretation in weight. We have a parallel to this 
property of chemical symbols in the property conferred upon 
numerical symbols by the factor 0, where 

0 — 1 x0 = 2 x0 = 3x 0 = ...wnx0. 

The chemical equation 0 = 1 may at the first glance appear 
paradoxicaL But this apparent paradox arises merely firomthe 
associations connected with the interpretation of these symbols 
in tiiose symbolic systems with which we are most familiar. In 
these systems there is a profound antithe6i^ between the sym¬ 
bols, which reaches its climax in the logi(!»I system, where 0 is 
the cymbol of nothing and 1 the symbol of the nniverse of 
thoug^^ It need not, however, be a matter of smprise that in 
the chemical system we should have two symbols for ‘♦no 
weight,^ since in that system the same ponderable matter may 
be denoted by jy and + y. Indeed it might even be expected 
from analogy that as a real weight may have several symbols, 
so the absence of weight should be expressed in more than one 
way. Nor is it, in truth, more singular or paradoxical that in 
chemistry 0 and 1 should be symbols denoting the same object, 
than that in geometry and 1 should have the same intej^re- 
tation. 

Now it would appear that the symbols 0 and 1 may occur in 
fir chemical function with two dislanctintexpteiarions, as chemical 
symbols and as {odihmetical symbols, and that to prevent am¬ 
biguity, it might be desirable to make evident hy some special 
notation the meaning to be assigned to them. But this is not 
necessary. The chemical symbol 1, afthough implicitly con- 
tained as tbe subject of operations in every chemical function, 
yet conformably to the prindples of algebraic notation may be 
invariably suppressed, and every numerical symbol which ap¬ 
pears in this c^culus may be interpreted with its usoal arith-* 
metical signification, regard being had to those specia} prop^rtiea 
which are derived from the subject on which itoperates. &7 

* * Bools, 
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a moment, we discriminate between the chemical and arithnie- 
tical symbols 0 and 1 , marking the former as 0 ' and 1 ', and the 
latter as ( 0 ) and ( 1 ), it is at once evident that ( 1 ) = (l)l' = 1 ', 
and that ( 0 ) == ( 0 )^ = O'- Hence we may in every case 
replace the chemicfld symbols 0 ' and 1 ' by the arithmetical 
symbols ( 0 ) and ( 1 ), which are, so far as the purposes of this 
calcnltts are concerned, identical with them both in interpreta¬ 
tion and in properties. These symbols 0 and 1 may be termed 
the zero-symbols of the chemical system, being marks by which 
we denote the absence of ponderable matter. That such sym¬ 
bols may serve most important ends is evident from the use 
which has been made in arithmetic of the zero-symbol 0 , which 
is the very key-stone of the arithmetical system; and yet it is 
not too much to assert that the system of chemical symbols 
without the zero-syiif^l 1 is as incompiete and as little adapted 
to the purpose which it is destined to fulfil as the arithmetical 
system would be deprived of the symbol 0 . 

( 4 .) No other known system of symbols is characterized by 
the same propeiiy as that by which chemical symbols are defined, 
but the equation « + y = a’y is similar in form to the equation 
connecting the logarithms of numbers; and the relation which 
subsists between the absolute weight (or weight in gram^aaes) of 
the ponderable matter of which 5 ? and y are the symbols is the 
same as the logarithmic relation. For, writing w(a;) and to(y) 
as the absolute weights of the ponderable matter symbolized 
by s and y, 

w(a?) + w(jr; » 

w(l) + =® w(y), 

«•(!) = 0 , 

similar in form with ibe logarithmic equations 

l(ar) + %) = 

;(1) + l(y) = /(y), 

^( 1 ) = 0 . 

The property of ehemical eymbols given in ihe equation 
« + y — ^ may firam tibese analogies appropriately be termed 
Ibe “ logarithmic " properly of these i^mbols. 

(5.) It Is Boffidently obvious ihat we may operate between 
c he m i c a l eqnaiicais ly means of addition and subtraction as 
‘wi|Hh ihonerie^ eqnatioQfL Thia* is a oooaseqnenoe of tife 
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tiiiat if identical weights he added to or removed from identical 
groups the resulting groups are identical. So that, if ur ss y, 
and =5 yj, ^ = y ± yj. The operations, however, 

which correspond to the algebraic operations of multiplication 
and division can only be performed tmder certain conditions, 
which will be considered in a subsequent paii: of thig memoir. 


Section V.— On the Symbols of Simple 'Weiohts. 


(1.) A simple weight has been defined as a weight which is 
not compound, and two weights as simple in regard to one 
another which have no common component. 

It follows irom ihis definition that the symbol of a simple 
weight cannot be expressed by more than one factor, and also 
that the symbols of weights simple in regard to one another 
cannot have a common factor. 

Tue symbol of a simple weight is termed a prime &ctor, and 
the symbols of weights simple in regard to one another are said 
to be pzizde to«one another. 

The symbols of simple weights have the following pro¬ 
perties :— 

( 2 .) The operations of algebraic subtraction and division 
cannot be performed between such symbols. For let a and b 
be two symbols of simple weights, and, if possible, let a — ft = 
Then a = -i- 6 = a^ft, that is, a is the symbol of a compound 

weight, which is contrary to the hypothesis. 


Or again, if possible, let ? =s c. 

ft 


Then a — ft = c, and a == i 


+ a = which is, as before, contrary to the hypothesis. 

(3.) If a and ft he two symbols of weights simple in regard 
to one another, and if aaj s= ftftj, then 


sr ft£, and ft, = ai; 


for since ou, = ftft,, a 4- = 6 + ftp atid a, = ft 4* ftj —' a; 

and since by hypothesis ft is the symbol of a weight simple in 
regard to u, no part of a is a constituent of ft, therefore a must 
be a constituent of ft,, so that ft^ 5 = a 4- i, and n, =s ft 4 - A 
Whence also ft, =s aft, and a, = bt, 

(4.) Hence also if a?, be tbe symbol of a weight simple in 
regard to the weights a and 6 , a, is the symbol of a weight 
simple in regard to the weight aft. 

For otherwise, if possible, let Oj and aft have a common oom- 
VOL. XXL 2 o 
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poneiit l\ fto that atj = ck^ and ah = ; then, flinoo by hypo¬ 

thesis i its a factor of «j, k is by liypothosis prime to <r. There¬ 
fore A is a factor of A, which is also contrary to the hypothesis* 

We may also argue thus* If possible, lot ^ bo the factor 
common to a-^ and ah. Then ah = h% and d = a -f- 6 — h But 
by Jiypothesis no part of X is a constituent of a ; therefore ^ is a 
constituent of &, and & = 4- o* — Ao*, which is coulrary to the 

hypotlio&is. 

(S.'^ lienee if a is prime to J, is prime to and no pait of 
qh is a constituent of p and q being positive and integral 
numbeis. 

(6.) Also, if u, ft, c, d,.be prime to ft^, . 

then a»'ft^ic®->(Z^*.is prime to ajfftpcfdp.whore p, 

P\P%Pz • • • ?> ?n !7s» positive and integral numbers; 

and also the operation of subtraction cannot be iicrforuicd be¬ 
tween the weights pa + pj) 4- 4- p^d 4- .and qa^ 4- 

q^b^ + 4 * 73^1 4 -. 

(7.) Whence, if h, .be symbols piiine to one 

another, and if 

.« 1 , 

0,pi = 0,jp2= 0,i?3 = 0.; ^ 

and if 

pa + pj> + p^c + jpgrf + =0, 

jP ss 0, jpi = 0, Pa 5=3 0, ;>3 = 0-.,,. 

(8,) Lastly, a oompoaite symbol can only bo expressed in one 
mainner by means of pi-ime factors. That is to say, a compound 
wciglit can only be assumed to be composed of one sot of simple 
weights. This proposition may bo proved in tlio same manner 
as the corresponding uumeiiccd piopowtion. 

This assertion clots not imply that we cannot make more 
tlian one hyiiothesis as to the expression of any given comjiosite 
symbol by moans of prime factors, that is, as to th(i simple 
weights of which a given compound weight is composed, but 
only that two or more sudi hypotheses cwinnot simultiuiooubly 
be true. 

There is a close analogy between the symbols of simple 
weights in chemistry and the symbols of prime numbers in 
arithmetic, but owing to the condition imposed on chemical 
symbols, given in the equation + y = /ry, a chemical symbol 
which has only one factor is also incapable of partition 
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The prime symbols of chomistry may be indifferently defined 
by either property, the one being a consequence of the other, 
and constitute a ner^ and peculiar order of symbols. There is, 
however, one numerical symbol of the class, namely, the symbol 
1 , wliioh has only one factor and one part, and like the primes 
of chemistry is incapable of division or partition* 

(9.) An integral compound weight has been defined (Sec, L 
Def. 9) as a weight which is composed of an integral number of 
simple weights. K ^ be the symbol of such a weight, 5, a, * • * 

.., as before, the symbols of simple weights, and .... 

integral numbers, 

f ..... 

This symbol is termed an integral composite symbol. It is iden¬ 
tical in form with the symbol of an integral number expressed 
by means of its prime factors. 

(10.) It remains to consid^ the method by which we may 
arrive at the expression of chemical symbols by means of an 
integral number of prime fiictors in a given system of equations, 
if such an expression b6 possible, and further may select from 
the vaiious forms of symbols which satisfy this condition that 
form in which the symbols are expressed by the smallest possible 
number of such factors. In this form the symbol is said to be 
expressed in the simplest possible manner by means of prime 
fectors, it being the only symbolic expression which is at once 
both necessary and sufficient to satisfy the conditions of the 
problem. 

To tlrese conditions it is to bo added that the prime foctors 
thus choHcn are to be the symbols of real weights, it being 
pofi^abla to jSnd symbolic exprosrions which satisfy the require¬ 
ments of the equation, but which do not admit of interpretation, 
the weights of which they are the symbols being affected with 
the negative sign. Such expressions will here be rejected. 

Now, first let the system of equations in which it is required 
to express the chemical symbols by means of prime fectors con¬ 
sist of one equation, and to render the problem determinate, let 
the equation contain only two undetermined symbols, and be of 
the form 

where ^ m'' are known, boihg positive or negative numerical 

2 G 2 
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symbols; and let a and h bcsing the symbols of simple 

weights, and n, Mj given positive and intogivil immhcrs. 

Then putting p = <1^6*”, 

ma^b^ + tn'c^'b^' + = 0, 


whence, from the fundamental equation.« + y = jcy, 

and from the property of simple weights before given (Sec. V. 

< 7 )). 

mp + mfg + «/'» = 0, 

«<Pj+ m'qi+ m"ni — 0. 

The integral and positive sohitions of these equations as 
regards p, q,p^y ^j, if such can bo found, will give all the possible 
ways by which the symbols <p and con be expressed by 
means of prime frctors in the above equation, the symbol 
being of the form givon; and the minimiun solution in whole 
numbers of these equations, as i-cgards tlio same indetenninate 
quantities, will give tifie simplest expression of the symbols ly 
moans of prime frotors, subject to the same condition. 

The number of admissible forms of these lymbols is, however, 
farther limited by the requirement that the frKjtois a and b are 
to be the symbols of real weights. 

Putting W, Wi, Wg as the known absolute weights of tlie 
portions of matter of whidi p, Pg are tho symbols, and tc(a), 
«»(&) as the unknown absolute weights of the simple weights 
of which a and b are the symbols, we have for tho detemunatiuu 
of w(«) and w(A) the equations 

pta(a) + Piit(b) = W, 

qwla) + q^w(b) = Wj, 
nw(a) + s= Wg, 

which, subject to the equation of condition 

mW + m'Wj + m"Wa as 0, 

ore equivalent to two independent equations. All values, there¬ 
fore, of p, Pj, q, are to be rejected which would give a negative 
value for io(a) or w(&) in the above equations. 

If in. the original equation the given symbol be expressed 
more than two filers, so tliat fg as the pfohlem is 
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iudoterminate unless tte absolute weiglit of one of the simple 
weights bo given; for in this case we shoiild have only two 
equations to determine the three values M7(a), w{h\ 

Or again, if no symbol were given, so that r and 

being indeterminate quantities, the indeterminate equations, 
whouco the value in whole numbers of pj, y, r, Ti are to bo 
ascertained, become 

mp + ni'q m'V = 0, 

0 , 

the two equations containing three indeterminate quantities. 

If in the original equation two symbols were given as deter¬ 
mined from other considerations, as that 

<Pi = 

$9 tf beiag given positive and integral, the indeterminate 
equations would contain only one unknown quantity, and the 
problem would be possible in that case alone where the values 
of p and jpi derived from thorn were positive and integral, and 
where the conditions before referred to and given in the equa¬ 
tions connecting w{a) and V 3 (b) were satisfied. 

The course to be ptrsued in other cases is sufiBoiently obvious 
from the above instance. It remains only to state the nature of 
the problem in its most general form. 

If there be a system of N equations connecting the chemical 
symbols <p, pj, <pa, 93, ..... of the form 

+ m\ + m'% + +.?= 0 , 

where m, W, axe nuruerioal symbols, negative, positive, 

or 0, putting as ^fore 

-= .. 

we shall have N sets of indeterminate equations connecting 
p, 5r,r,... andpi, Ji, ... andp^, ... of the form 


mp -h m!q + m!'r s= 0, 

^P\ “t" "H. 

wp2 ■+’ .. 0, 
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If a common positivo 6olutioa in wliolo numbcrB of tlxcso N 
seta of equations for 

Jp> • • • • Pv • • • • 

can be found, then the ayinbols <pi, .... c<m be exproHHcd 
in the given system of equations by moans of the i>niue Faeiors 
5 , c,.. *. ; if such a solution does not exist, then 1110 symbols 
cannot be so expressed; and the simplest expression of the 
symbols jin that system of equations, by means of the prime 

fectors w, 6, c,.is that expression in wliich tlie iiulices p, p^ 

...... y, ji, jg,.. n ^19 ^*29. hsi-va iht^ minimum integral 

values which satisfy the above N sots of indetormiiuito equations. 
The admissible values are limited by the conditions 

pw(a) + PiwQi) 4* p^w{c) .=3 W, 

gto(a) + 4 ?2^(<*).— 

rw(a) 4 ryw(li) 4 r^wlc) .=s Wg, 


where w(a), «?(&), w(c) are positive, and W, W^, Wg,.arc 

connected by N equations of ttxe form 

OT.W + tnWi + m"W^ + +.= 5 . 

r 

Sbokon YL—On the C!onstruotion oe Chbmioal Equations 

FROM THE DATA AEEORDED BT EXPERIMENT. 

Our knowledge as to the identical relations of pondorublo 
matter is derived, as has already hoeu observed, oxcitvnvuly 
from the Bcienoe of chemistry. The next stoj) in this inquiry is to 
embody in a system of chemical equations the information oai 
this subject which experiment aflui’ds to us. The process is 
very simple by wbidi this may bo efructed. To take, for 
example, a siugle instanoe. Let it be supposed tluit wc have 
ascertained by experiment that 3,000 cub. contims, of oblorino 
and 2,000 cub. centims. of ammonia liavo been converted into 
6,000 cub. centims. of hydrochloric acid, and 1,000 cub. contims. 
of nitrogen. We hence infer the identity of the pondeiubLe 
matter of which the two groups respectively consist, and patting 
, ^ as the symbol of a unit of chlcriue, 
as the symbol of a unit of ammonia, 
f ji as the symbol of a unit of hydroohlorio add^ 
f, as the symbol of a unit oi xdtrogon. 
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Wo Essort this idontity in the cheiaicdl e(]^iLatioii 

S(p + 2^1 = 6 (p 5 + (P3. 

IVocooding in other cases in a similax manner, we should anive 
at a Bystem*i)#*^<jiCl!S&ons corresponding in number to the experi¬ 
ments of which the results were thus recorded. It would so m, 
however, be perceived that we could not in this manner indefi¬ 
nitely add to our knowledge, but that the informatioa thus 
supphed to us was soon exhausted, the equations not being 
independent, hut capable of being derived from one another by 
the processes of addition and subti*action; and that, in fact, 
they could be replaced by a single system of equations con¬ 
necting cveiy chemical symbol equal in number to the total 
nxunber of chemical subbtaiices, exclusive of the elemental bodies. 
Such a system is affoi'dod to us by those equations which 
express the relations of idontity which subsist between the 
ponderable matter of compound substances, and the pon¬ 
derable paattor of the elemental bodies of which they are 
Composei^ which we may consider as a solution of the entire 
system of chemical equations in regard to the symbols of the 
elements. From this primary system oveiy other cljemical 
equation may be deiived, and our total knowledge as to the 
identical relations of ponderable matter is implicitly comprised 
in it. Indeed it may readily be shoxvn that, however numerous 
may be our experiments, we can never arrive at any greater 
number of iiidepoudent equations without effecting the decom¬ 
position of the elements. For if such an independent equation 
wi‘re discovered, it either would bo an equation connecting the 
symbols of tlio elements themselves, or if it contained the 
symbols of other substances, we might eliminate betweendt and 
the other equations of the system, and thus derive such an 
equation. It is possible that the limited range of physical 
conditions under which we necessarily operate, or other obstacles 
equally insuperable, may for ever preclude such an addition to 
our knowledge, but nevertheless we can form a conception of 
anoth^ and a wider chemistiy, of which our actual system 
should be but an imperfect firagment, and in winch we should 
have n independent equations oontaioing + 1 symbols admit¬ 
ting of a solution of the form 

fvhear^e should xeoogmze hut one priinaiy elemental form oi 
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ponderable matter, and tlio j:rrent problem of analymH would Ik? 
completely and finally refiolved. 

Every chemical (‘qnation ia ncoosanrily the exprofifiioii of a 
hypothosie; for even the most accurate oxp('rimenirt are 
attended with eiTor, and can only bo rc^fjjardi^d aa aflbrdinfjj a 
certain approximation to that true result at wliicli it is our 
object to arrive- Even tlio assertion that two gasooiis volumes 
of water consist of the same ponderable maitoi* as two volumes 
of hydrogen, and one voliune of oxygon involves hypothesis as 
to the gaseous densities of tlioso substances, and the relations 
of absolute weight before and after* ehemioal cluuigc, wbidi go 
beyond our actual experience. Experiment proves this pro¬ 
position to be true within certain Kniits of error, but in the 
eqiuatiou 

ss + pg, 

an assertion is made in which the errors of obseiwation are not 
included. Regard being had to the total evidence on which it 
rests, no statement of tlie Mud is perhaps more credible than 
this; and the above equation may servo to mark the oxtromo 
limit tp which chemical certainty has attained. Such equations 
form the true basis of the sdence. 

It is, however, only in comparatively few instances that wo 
are able to ascertain by direct observation the gaseous densities 
of all the chemical substances which enter into a reaction 5 and 
whejire this cannot bo effected, we are compollod to have recourse 
to indirect methods of a less satisfactory character, to attain 
the desired end. 

There are many admirable examples of such chemical reason- 
iug,* which, divested of the theoretical considerations with 
whicli they are unnecessarily comjdicated, may be rcgjirded as 
arguments based upon actual observation of the laws of cln^nical 
change, by which certain forms of these eqxiatious are esta¬ 
blished with superior probability, to the exclusion of other 
forms. I ho conclusions thus ariivod at must obviously Ixave 
very different values, and while some are in tl\e highest degree 
probable, others can only bo regarded as tentative and conjeo- 

* For example, Odling On the Atomic Weight of Oxygen and Water/* Journal 
of the Chemital Society, voL xi, p. 107. Also the article in Watt«*B l)ioiiona?y of 
Che t istty by the rome author » On the Atomic W eights of the Metals /’ and Wurts, 
"On the Oxide of JSthylene considered as a link between Organic and Inonratuo 
Jowaid of the OhendadSociety,* toL xt> p. S87. ^ 
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tural. But, nevertheless, uncertain as such results may often 
appciir, a profound diBiinction is to be drawn between this 
order of bypothc^sis, and those molecular speculations which 
can noli her bo confirmed nor disproved by fiicts. In the former 
case oxperimont is constantly controlling our conclusions, and 
wo have the most positive evidence that the methods pursued 
by the chemist are in the main correct; since in numerous 
cases he has been able to anticipate the results of direct obser¬ 
vation, and in others even to correct by theory the erroneous 
results which observation apparently afiFordod. 

It is essential to have clear ideas upon this point, that we 
may not over-estimate the value of our results, since any unceiy 
tainty attached to the data must undoubtedly attend the con¬ 
clusions which arc derived from them; but nevertheless the 
qnostiou docs not fall within the scope of a deductive and 
symbolic method, the province of which commences only where 
the task of experiment terminates; and in the consideration of 
ohemioal equations I have not, in uncertain cases, attempted 
any foil discussion of the evidence on which they rest, but 
have limited myself to arguments, in regard to which the 
application of symbolic reasoning ajfforded some peouiiarify or 
advantage. 

Sbotion YIL—On the Symbols of the Units of Ohemioal 

Sttbstanoes. 

Group 1 .— Symhoh of Hydrogen^ Oxygen^ Sulphwr^ Selrnmn^ 

CkMm^ Iodine, Bmnim, Mtrogm, Flioephorua, Arsmie, and 

Mercury. 

(1.) Symbol of Hydrogen .—am about to show by the aid of 
the principles which have been established in the previous 
pages that the units of ohemioal substances j.re composed of an 
integral number of simple weights; that is to say, according 
to the definition previously given (Sec/L, Defe. 9 and 10 ), 
that these units are “ integral compound wmghts.’* The point 
win be demonstrated, if it be found possible to express the 
symbols of these units in the actual system of chemical equa¬ 
tions by means of an integral number of prime fentors, these 
factors being the symbols of real weights (Sec. V. (9 & 10 )). 
Now it will be found that such an expression is not only pos- 
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Bible, but posflible in a great variety of ways; in otlior wordirt, 
many asstnnpiions may be made as to the coiui)OHifcion of poiKlei^- 
able matter which are consistent with the above fuudami'Jitiil 
hypothesis. From these possible expressions, that one wni in 
ea^ case be selected, as the correct inJerciico from the lacti!^, in 
which the symbol is expressed by tlie smallesl possible number 
of such factors; since any other expression, as has before been 
indicated, must involve hypotheses which are unnecessary. 

The problem is not dissimilar to that of tlio delennination of 
the density or relative weight of the same units. We ai*e about 
to estimate the number and the absolute weight of the simple 
weights of which the units (Sec. I., Defs. 8 & 10 ) of ponderable 
matter are composed; and, as in the former case the problem is 
xmmeaning, unless the standard of absolute weight be pro« 
viously determined, so in the latter case also it is necessary 
that some one simple weight shall bo selected from external 
considerations as the standard of comparison, before any state¬ 
ment can be made upon the subject. This case, however, dif¬ 
fers from the preceding in the circuaistanoe that the selection 
of a simple weight is not the choice of an arbitrary unit, to be 
determined by considerations of convenience alone, but involves 
the assertion of a hypothesis as to the actual composition of the 
diemical units of ponderable matter, which may be verified and 
tested by experience. " 

Now the hypothesis on which the present method is based, 
and which is the only assump%n of tho kind which I shall have 
occasion to make, is that tho unit of hydrogen is a simple weight, 
that is to say, that in chemical transfornuitions this weight is 
never distributed (Sec. L,Def. 12 ). The symbol of tliis “weight” 
(Sec. L, Dof. 3 ) will be expressed by tho letter a, which may be 
termed the “modulus” of the symbolic system, ii being that 
symbol by which the form of ovexy other symbol is regulated. 
The absolute weight of the portion of ponderable matter ihxis 
symbolized, that is to say, of 1,000 cub. contims. of hydrogoxx at 
CP C., and 760 mxUimfe. pressure, is 0*089 grm. 

In considering this question I shall select certain examples 
which may serve to illustrate the way in which tho subject may 
be treated, and the difference in the result arrived at, according 
to the degree of information supplied to us by exporimont. 

The first, and for the presexxt object the most impoi-tant, 
fgcmip symbols to be oonsidefed ai'e the symbols olf those 
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eletnonis of which iho density in the gaseous condition can bo 
experimentally dotomiinotl, and which also form with one another 
gasooiiB oonilihutionB. I shall then consider the j^rmbols of 
oarhou and its comhinationB with the previous group, and sub¬ 
sequently the symbols of ceitaiu otlicr elements and their com- 
biiiationB as to which we possess less adequate information. 

(2.) Symbol of Ojeygen .—^It is known from experiment that 
two units of water can be decomposed into two units of 
hydrogen, and one unit of oxygen. "We hence infer the 
identity of the weights of wliidx these portions of ponderable 
matter consist, and putting 

^ as the symbol of the unit of water, 
as the symbol of the unit of hydrogen, 
f, as the symbol of the unit of oxygen, 

2f = 2(pi + «Pa. 

Now, if possible, let 

fi = 
fa = 


whore « and 0 are prime frictors, that is to say, the symbols of 
simple weights, and m, %, n, positive integers. Then 

= 2* -t- a*?**. 


and from the fraidamontal equation which connects diemioal 
symbols, j> -t- y » jry(Soo. IV. (1)), 


whence 


2»» *s 2 + » and 2% = ny 


to whidb. is attached the condition 

W{ft) ss 1, 

m + = 9 ; 

1 and 9 being the densities of hydrogen and of water, and te 
(«) and w (?) being positive. 

The integral and positive solutionB of these equations as 
regards m, n, ny give all ^e possible hypotheses which 
ho made as to the oomponenl® of oxygen and of water, which 
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are consisteut •with the hypothesis, that the unit of each of tlioso 
substances is composed of an integral number of simple -weights, 
and that the unit of hydrogen is a simple weight, and the 
minimum solution selects from these that one hypothesis wliieh 
is both necessary and sufficient to satisfy the couditiou given 
in the equation 

This solution is 

n = 0 , m = 1 , 

= 2, «ii = 1, 

whence the symbols of water and oxygen as determined from 
considering the above equation are 

Symbol of water of, 

Symbol of oxygen Sfp 

and the relative weights oorreliponding to the prime frirotors » 
and S are 

«>(*) = 1 , 

the equation bmng thus expressed, 

— Set 

It is not to* be assumed without proof that these symbols 'will 
satisfy the conditions afforded by other equations. This is a 
matter for inquiry. But we have arrived at the knowledge 
that no symbol can be found for these substances composed of 
a smaller number of prime factors, and also that if these 
Eymbols can be so expressed, the indices of these frctors-will be 
{bund among the integral solutions of the above equations, 
which are ^ven in the forms 

+ ^ »s=2^ 

jn, = 1 + <„ «i = 2(1 + tj). 

Hence we arrive at the fbUewing general forms for the symbol 
of oxygen and water. 

Oxygen 

Water 

which include all the possibLe forms of symbols which satisfy 
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From the eqxiation 

m + inyw{j^) =s 9 

Tve have, substitutiag for m and the above values, 

+ ii) = 8 - i, 

pehence t is not greater than 8, If i = 8, either (?) = 0 and 
- = 1 (Sec. in. (1)), or = — 1, when = 0, and twj =: 0 ; 

n which case «?(?)= ^ and may have any value. In either 

mse we have 

Symbol of oxygen 
Symbol of water a®. 

In this case, therefore, owing to the peculiar numerical rela¬ 
tion which subsists between the densities, it is possible to ex¬ 
press all the symbols by moans of the one factor a. The 
Afferent forms of symbol are given by assigning to t and all 
possible values; thus, for example, 

SymboL 




« « 0 

*1 = 0 

Oxygen. 

1* 

Water. 


*1 = 1 

r 



*1 = 2 

r 



*1 = 0 




*1 = 1 




*1 = 2 

• « * a f 

«»£• 

t as 3 

*1 = 0 




*1 = 1 




*1 = 2 


• . * « 

t = 3 

*1 = 0 




*1 = 1 
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S^bol. 


t = 7 

o 

li 

•(.r 

Oxygen. 

Water. 


= 1 




= 2 



* = 8 

t, =- 1 




The problem before tis is the selection from lliis system of 
symbols of that symbol for oxygon (if such can be found) which 
Rhall satisfy the conditions afforded by tlio other equations of 
the system, and in whidi it shtdl be ex^n-essed by the smallost 
possible number of prime frictors. Our hypothesis must bo 
necessary as well os sxifficient. Owing to the poculiiir and 
simple laws whidi prevail in the actual systom of chemical 
changes, this selection is attended with no difllculty. It will 
be found by trial that the symbol of oxygen, tliat symbol in 
which it is expressed by the smallost number of prime friotors 
in the above equation, will satisfy all other known conditions. 

There is only one other known compoimd of oxygen and 
hydrogen, the peroxide of hydrogen. Our knowledge as to 
t^ substance is very imperfect, but let us assume that it can 
be deoconposed with the formation of water and oxygen, in the 
ratio of two units of water to one of oxygen. Then putting z 
as the unknown number of the volumes of the peroxide decom¬ 
posed, and y as the number of volumes of oxygen formed, and 
^ as the symbol of peroxide of hydrogen, 

sfa=^2yf + yf^ .( 1 ) 

whence, substituting for p its value f ^ 

and putting as the symbol of the i)eroxide of hydrogen, « 
as the ^mbol of hydrogen, and ^ of oxygen, 

.( 2 ) 

and 


= 2y, 


whence 
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Now, if f be posdtive integers, since s is prime to y, s 

must be either 1 or 2. 

If 

a = l,p =s 2y,pi = 4y; 
jf 

s = 2,p = y, Pi = 2y. 

In either case the above equation (2) is of the form 

= yi(« + 

Now, although it undoubtedly cannot bo considered that this 
equation is established with the same certainty as the equation 

2«f = 2« + 

yet rogiu’dod as a question of probability the evidence in fevour 
of tliis view is very conclusive. For the only hypotheses 
involved in it arc (1) that in tlris equation the symbol of the 
peroxide of hydrogen can be expressed by an integral number 
of prime &ctors, and (2) that the symbol of hydrogi^ can be 
expressed as and the symbol of oxygon as $*, in &vour of 
winch hypotheses we have (as will hereafter be seen) the 
evidence of an extensive and uniform experience. 

We may proceed by the aid of further hypotheses, and still 
with great probability, to determine the value of yj in this 
symbol The most probable hypothoeds is that pi = 1, and 
that the symbol of peroxide of hydrogen is «$*> ™ which case 
the above equation is thus expressed, 

The duef arguments by wliich this view is supported are de¬ 
rived from the observations (1) that it is very rarely that the 
indices of the priino fretors of chemical symbols have a common 
moasure; (2) that on this assumption the symbols of hydrogen, 
water, and peroxide of hydi-ogen constitute a series of the form 
«, ; and that the densities of these substances form an 

aritWetioal progression, being 1, 9 , 17 ; and that such series so 
frequently occur in the actnal system of chemical symbols as to 
render probable their existence in the future e^rstem. 

The conclusions at which we thus arrive are not to he re¬ 
garded as necessarily final. Not only is it possible that fhrtber 
information as to -^e oheroical properties of the peroxide of 
hydrogen might lead us to*the adoption of a more comples 
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symbol, but we can evon specify tho veiy facts, tlu' disco very of 
■wliicb would induce us to modify our opinion. But, iicTorilio- 
less, the clioice of flic expression ag* as llio sjoubol of the unit 
of this substance is not an arbih’aiy and coiivoniional selection. 
It expresses the most probable opinion wliieli, with our actual 
knowledge, wo can form as to the natui'o of the e(]uatiou fi*om 
which it is derived, and which wo provibionally ouibody in tho 
symbol for tho putpose of tracing the consequences of our 
hypothesis. 

The weight of that portion of any chemical suhsianoo which 
I have toimod the chemical unit of ponderable matter, is (Sec. I., 
De£ ( 10 )) the weight of that portion of each substanoo W'hkh 
in the gaseous condition, at 0® C. and 700 millims. presmive, 
occupies the space of 1,0(X) cub. centims. This weight may bo 
measured in two ways; either by comparison with tho weight 
of a cubic centimetre of distilled water at 4 ® 0., or by compariiy? 
it with the weight of the chemical unit of hydrogen. We shall 
hence have two series of numbers by which the weights of tho 
portions of poudcmbl© matter resulting from any chemical 
operation are expressed, viz., 

1. The absolute weight in grammes. 

2. The relative weight or density as compared with the 
weight of tho unit of hydrogen. This second series of numbers 
muay also be regarded as expressing the absolute weight of tho 
units of ponderable matter as estimated in “ oriths ** 


ComUmUom of the Prime Factors a and 


Name of substance. 

Prime fhetors. 

Absolute weight 
in grammes. 

Relative wciiht. 

ot 

$ 

0*080 

0’716 

1 

8 

Hydrogen ..... 

Symbol. 

0*089 

1 

Oxygenf.... 


l*4S0 

16 

Water ........ 

*9 

“i 


9 

Peroxide of hydrogen. 

1*620 

17 


**9 


* Hoiinaiin, loCs cit (Sec. I (11)}. 

t In calcelating the ahsolate weight, it is necessary to assume the ahsolnte weight 
ef the gaseoos litre at 0” and 760 x^uns. pressnre, of some one BaUtance as 
ttjmstbdy determined.^ The weight of a litre of oxygen is here asstuno^ as the 

and the other ntunhevs are calculated fi(om it. 

* 
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(8.) Symbol of Sdpkur .—^It haB been, sbown by the recent ex¬ 
periments of Deville and Tioost that the density of the 
■vapour of sulphur above a temperature of 860 ° 0. becomes 
constant, and approzimates to 32 , the density of hydrogen 
being 1. This bdng the ease, the ponderable matter of 2 units 
of sulphide of hydrogen is identical mth the ponderable matter 
of 2 units of hydrogen and 1 unit of sulphur. Hence, putting 
as the symbol of sulphide of hydrogen, and as the 
symbol of sulphur, 

2 «»S«« = 2 « -f- «»«•>, 
and 

(«•«•»)* ss 

and 

2 »» =a 2 -I- n, imy = nj, 

whence 

* n = 0, m = 1, 

= 2, ntj =a 1, 

w 4 nd putiai^ the density of sulphide of hydrogen as 17 , 
m + «= 17 , 

and 

wif) = 16 . 


Hence we have, as satisfying the conditions afforded ly the 
above equation. 


Symbol of sulphur. 9 *, 

Symbol of sulphide of hydrogen «t 9 . 


If we assume the density of sulphur to be correct as ^ 
tecmined before the recent experiments referred to, the simplest 
statem^t which can be made as to the decomposition of sul¬ 
phide of hydrogen is, that 6 volumes of sulphide of hydrogen 
axe decomposed into 6 volumes of hydrogen and 1 volume of 
sulphur^vapour; in which case 


and 


(«%*»)« s « 8 «» 9 i% 

6m = 6 + «, 6»»i = 


which gives as the TniuiTnum solution 
ft ss 0, m sa 1, 

ftjSS 6, *1= 1, ^ 

2 H 


TOL. XXL 
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and 

wii{) = 16 . 

Hence 

fli = 6. 

The symbols, therefore, may bo in either case expressed by the 
same prime &ctors. 

In &e latter case, *we have 

Symbol of sulphur. 4 ®, 

Symbol of snlphide of hydrogen as before ui. 

By similar reasoning to that employed in the determination 
of the symbol of the peroxide of hydrogen, we arrive at the 
following symbols. 


CimbinatMms of the Prime Factors «, f, and 


Name sabBtanee. 


Suli^xir.*. 

PvotoBalpldde of bydxogen 
Bffiolphido of bydiogexu*.. 
SulpbiiroiiBanbydxido *«•< 
Solpbmio aaibydxide 
Solpbavops ..«• ••.4 

Snlpltiiiio aidd ^.. 

Koxdbaosexi. Endpbnric add 
Hypoeolpbiuoiis add...... 

IHIbioiiic add.... 

IFiithionlc add .. 

TetiatMomc add. 

Peaiathionieadd 


Prime factors. 

Absolute weight, 
in grammes. 

Belatlve wdgbt. 

0 

1-48 

16 

Symbol. 



0* 

2*861 

82 

ad 

1*520 

17 

oS* 

2*950 

88 

0f» 

2*861 

82 

0? 

8*576 

40 

od» 

8*665 

41 


4-880 

48 


7*956 

88 

a08f 

5*005 

57 


7*241 

81 

«0>f 

8*671 

87 

«0^f» 

10*101 

118 

008? 

11*582 

129 


( 4 .) Symbol of Selemtm .—^The vaponiwienBity of sipknitim. 
exbdMts similar anomalies to tiie vapomMieosit;' of stilphmr. But 
from iiie experiments of Deville t^ere can be little doubt that 
at a suffidentily high temperature it would accord with theory. 
Derille found for the vapour-density of seleninm at 860 ^, 8*2, 
and at 1040 ”, 6 ' 37 . On the hypothesis that 2 volumes of sele- 
nide of hydrogen are decomposed into 2 volumes of hydrogen 
i,pd 1 volume of selenium, the vapour-density of sdeninm would 
n expressed 1 ^ the numW 5 * 44 . I shall assume this as tire 
IIKOmber. 
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We havO) then, putting a**X,**i as the symbol of selenide of 
hydrogen, and as the symbol of selexuum, 

= 2a + 

whence, as in the last two examples, 

2 fn =: 2 + ^ 

and 

n = 0, Wj = 2, 

m s= 1, = 1, 

a minimum. 

Assuming the density of selenide of hydrogen as 41 , 
io(\) = 40. 


Combhuitions of the Prirm Faetors a, f, J, and X. 


Naone of salwitaaice. 


Selenium. 

Selenide of Icrdrogen 
Selenions anhydride . 
Selenlo 8n)i;irdrid6 ... 
Selenions arid. 
Seleoie add... 


P]^e£sdi(hl; 

Abaoliite weight, 
in gianunes. 

Relative weight 

BBSHI 

\ 8*678 

40 

Symbol. 

M51 


A.* 

80 

oA 

S'Odli 

41 


5*000 

66 


6*721 

04 


6*810 

65 

«X|* 

0*626 

73 


( 5 .) Synibol of Chlorine .—^It is asoertamed by experiment that 
2 volumes of hydrochloric acid can be decomposed into 1 volume^ 
of hydrogen and 1 volume of chlorine. 

Hence, putting *** as the symbol of the unit of hydrochloiio 
add* and as the symbol of ihe unit of chlorine, 

2a**;^ as a + a*;^% 

and 

whence 

2m » 1 + 92 , 

2mi= 

and 

m = 1, = 1, 

* 92 = 1, ^ 9lj JS 2, 

a minimum. 

2 H 2 
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Since Uxe density of hydrocbloric acid is 18 25 , 'we 
determine the absolute weight of the simple weight x> 

m + n>jw(x) = 18 * 25 , 

whence 

te(x) = 17 * 25 , 

which gives for the 

Symbol of hydrochloiic add cc^t 
Symbol of cUoiino. 


in which case the above equation becomes 
2*x =* * + «x** 

The general solutions of the above oqnations, whidx 
all possible values of the indices of the symbols, give 

OTssl + t TJljSsl + ij, 

« = 1 + 2^ n, = 2(1 + «j), 
whence we arrive at the following general forms, 


and 

whence 


Hydiodblorio add 
Chlorine. 


ttOt) = 


17‘25 - * 


«is not > 17, 


ti is not < 0. 


have to 


contain 
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CciiMruiiioim of the Prime Faotore ct^ 4, X, and x* 


Ksane of snbataiicew 


Prime factor. 

Absolute irdight, 
ingpnmmea 

BelatiTeimighA 

X 

1*542 

17*25 

Symbol. 

S'lra 

85*5 

<*% 

1-6S1 

18*25 


a*888 

43*5 


5*810 

59*5 


6*084 

67*6 


2*846 

26*25 

«x? 

8*062 

84*25 


8*777 

4225 


4*492 

50*25 

11*219 

125*5 

4*604 

52*5 


6*084 

67 5 


10'825 

116*5 


9*922 

111 


5*8X9 

595 

1 

5*207 

6*084 

58*25 

675 


ChlorlzLe.. 

fiydrochloiie acdd. 

Frotozido of dblorine .... 

Teroxide of ehlonne...... 

Tetrozide of chloixne .... 

Hypochloms add, 

Chlorous acid. 

Chloric acid .. 

Perebloiie add. 

Hydrate of chlorine ...... 

Ptotosolphide of chlorine.. 
Bisulphide of chlorine «... 
Biselenide of chlorine .... 

Tetrachloride of selenium.. 
Chlorosulphurousadd .... 

BjdrochmjTOSulphuAiu^ acid 
Cnl^toodfftMoiO add.».... 


(6.) Symbol of Iodine.—Two volumea of hydriodic acid axe 
decomposed into 1 voltime of hydrogen and' 1 'vtdmae of 
iodine. 

HeneOy putting as the symbol of the xmit of hydriodio 
add, and as the symbol of the unit of iodin% 

2 a ^( o ^ =s a + 

and 

(a^co^iy 6tet*w% 

Sm = 1 + n, « «j, 

m = 1 , B*! ss 1 , 

• =s 1 , «i = 2 , 

a mxDxnnznx* ' 

Assuming the density of iodine vapotir to be 127, 

1 + 2«>(®) sa 127, 
v)(w) = 63, 

and Oifi symbol of bydriodio add is eua, and of iodia4 iKt^ In 

vrbiob oaee ilw aboro «qxiatioii is tEuu ozpiTeaasd, 

• • 

2im as ct 4- oueK 
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CombinaMonB of the Prime Paetors et, f, X, and «. 


liTame of saljstaiice. 

Prime factor. 

Absolute weighty 
in grammes. 

BelatlTe weight. 


Oi 

6*632 

63 


Symbol, 

eui^ 

11*363 

127 

. «... 

CUMi 

6*721 

64 

Todifi anhydride .. . 

OUi^^ 

14*928 

167 

Periodic anhydride .......... 

16*369 

183 

Xodic add ...j 


7*866 

88 

ProtiOehloTide of iodi&e 1 

OLWV 

7*268 

81*26 

Terdiioride of iodine ........ 


10*486 1 

116*76 



(7.) Symiol of Bromine .—^Two volumes of hydrobromio acid 
are decomposed iato 1 volume of hydrogen aigd 1 volume of 
bromine. 

Hence, putting as the symbol of the unit of hydro- 
bromic acid, and «*/3^ as the symbol of the unit of bromine, 

SaW/S"! = « + a*)8**, 

and by similar reasoning to that hj which the symbols of ofalo- 
rine and iodine have been ascertained, we have 

Symbol of hydrobromic adid «v8. 

Symbol of limine. «j8*, 

and assuming 80 as the densily of bromine, 

v)(0) = 39-6. 


ComMnations of ihe Prime Factors a, |, 8, X, Xt »» ®»d yS. 


Name of substance. 

Prime factor. 

Absolute wdght, 
in grammes. 

Belatiye weight 


0 

8*631 

39*6 

^ATWTtlA 

Symbol 

M61 

8*620 

7*866 

4*886 

6*786 

80 

40*6 

88 

48*5 

64*5 

Hydrobromic acid ... 

00 

Protoxide of hromiiie .. 

Hy]pobromons add. •*••«•«•••» 

Bromic add ... 

O0& 




(8.) Sumiol of JNitrogm.—'C-wo volumes of ammonia can be 
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decomposed mto 3 volximes of bjdrogeii €ind 1 volume of 
nitrogen. 

Hence, putting a’V** an the symbol of the unit of ammonia, 
and as the E^ymbol of the unit of nitrogen, 

2«*v« = 3« + 

and 

(flcV^)* = «*«•»«; 

whence 

2m ss 3 + n, 2mi = n^, 

and 

m = 2, flij =s 1, 

n = 1, ni — % 

a minimum. 

Hence the symbol of nitrogen as determined from this equa¬ 
tion is and the symbol of ammonia is a’v. 

Since the density of ammonia is 8*5, 

2 -f- w(») Si 8*6, 

and 

to(y) = 6*5. 

The general solutions of the above equations give 

m = 2 + ^ = 

n = 1 + 2«, ni = 2(1 + «i), 

whence we have as the 


and 


Symbol of ammonia 
Symbol of nitrogen 


«(») 


6*5 - t 
1 + h* 


where t is not > 6, and not < 0. 


j*l+» 


V 
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Combinafions of the Prime factors a, ^ 


Name of substance. 

Prime &ctor. 

Absolute weight, 
in grammes. 

Relative weight. 


9 

0*681 

6*6 





Nitrogen... 


1*251 

14 

Ammonia .. 

oAf 

0*760 

8*5 

!Brotoxide of nitrogen . 


i-ser 

22 

Binoxide of nitrogen*. 

ai^4® 

2 682 

30 

Teroxide of nitrogen. 


s-sw 

38 

Tetioxide of nitrogen ... 


4-112 

46 

Pentoxide of nitrogen ........ 


4 827 

54 

Nitrous acid .. 


2*101 

28-6 

Nitric acid..... 


2*816 

31-6 

Bisulphide of nitrogen........ 

eaPB^ 

4-112 

46 

OhloridA nf T , 


5*386 

60*26 

Nitrite of ammonium.. 


2*861 

82 

Nitrate of ammonium 


8-676 

40 

Sulph hydrate of ammoninm , • 


2 279 

S6-6 

Protosulphide of ammonium ,. 


3*039 

34 

Bisulphide of ammonium. 

«V6S 

4-470 

60 

Acid sulphite of ammonium .. 


4*424 

49*5 

Acid sulphate of ammonium .. 

ASI* 

5*189 

57-6 

Sulphite of ammonium. 


5*285 

58 

Sulphate of ammonium . 


6-000 

66 

Thionamic addf ^. 


3*620 

40*6 

Sulphamic acid. 


4-336 

48-6 

Thionamide .... 


3-576 

40 

Sulpbamide... 


4-281 

48 

Acid sulphate of azotyl. 


5-676 

63*6 

Neutral sulphate of azotyl .... 


6-972 

78 

Anhydro sulphate of azotyl.... 


9-118 

102 

Chlondeof ammoniuaot*.. 


2-391 

26-75 

Chloride of azotylt .. 


2 928 

82-75 

Chloride of nitzylf 


3-642 

40-76 

Bichloiido of azotyl. 


5-944 

66*6 

Chlorate of ammonium. 

cATcr 

4-537 

50*76 

Iodide of ammonium . 


6*481 

72-6 

Biniodamide... 


12 023 

134*6 

Bromide of ammoninm. 

A8 

4*380 

49 


(9.) Symbol of Phosphorus .—^Let the symbol of the unit of 
phosphorus be and the symbol of the unit of gaseous 

phosphide of hydrogen Then, since 4 Tolumes of the 

gaseous phospldde of hydrogen are decomposed into 6 volumes 
of hydrogen and 1 volume of phosphorus-vapour, 

4«®<p®» =: 6flt + 

* l!he symbols of nitric oxide« chloride of ammonium^ and certain other sab- 
stances, the densities of which are apparently anomalous, will be subsequently con- 
rideredyCsee Section YlII}. ^ ^ 

t See Odling’s "Chemisfay,** pages 269,264, and 261. 








































and 

wlienoe 

and 
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4m r= 6 + ^5 4mi = n^, 


m =^f - mj = 1, 

n =: 2, Wj = 4, 

a minitmnn; and we have for the 

Symbol of phosphide of hydrogen a®(p. 
Symbol of phosphorus 

Assuming the density of phosphorus-vapour as 62, 

2 + 4w((p) =s 62, 

to((p) = 15. 


ComhinadoriB of the Prime Factors a, d, \ eo, ;8, v, and p. 


irame of sabstaaee. 


Ftime &ciDr. 


Phosphorns.. 

Phosphide of hydrogen. 

Teroxide of phosphoras. 

Pentoxide of phosphoras ...... 

]n?o^oro^acid . 

Oithophosphorie add. 

Pyrophosphoric acid.. 

Metaphosphoric acid.. 

FrotosalpMde of phosphoras .« 
Tersolphide of pho^horas .... 
Penta^phlde of phosphoras .. 
Tezdiloxide of phosqphoras .... 
Pentachloride of phosphoras .. 
Oxychloride of phoqiuoras .... 
Terhromide of phosphoras i>.». 
Pentahromide of phosphoras .. 
O^bromide of phosphoras ..,. 
Bromide of phosphonium...... 

Biniodide of phosphorus .. 

Teiiodide of phosphorus. 

Iodide of phosphonium. 

Sulphocbloride of phosphonis.. 



jAbBolateveilgh^j 
in grammes. 


1-841 


Bdatiyeveight. 


15 


5-541 

1 62 

1-519 

17 

4-916 

55 

6-346 

71 

2-949 

33 

3-664 

41 

4-8T9 

49 

r-956 

89 

8-574 

40 

4-201 

48 

7-061 

80 

9-921 ' 

112 

6-145 

68-75 

9*819 

104 25 

6-869 

78-75 

12-112 

136-5 

19-264 

215-5 

12-827 

143-5 

5-140 

67-5 

25-476 

285 

18-413 

206 

7-240 

81 

7-575 

84-75 


(10.) Syrnbol of Arsmic .—^The density of the chloride of 
arsenicjias been determined Dumas, the density of arsenic^ 
vapour by Mitsoherlich. 
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Four volumes of the chloride of arsemo are decomposed into 
1 volume of arsenic and 6 volumes of chlorine. 

Hence, putting as the symbol of the unit of chloride 

of arsenic, and as the symbol of the unit of arsenic, 

and as the symbol of tlie unit of chlorine, 


and 

whence 

4m s= 6 + w, 4mi = 12 + 5= Wg. 

The TniniTnuTu solution of these equations gives 

m 2, n =s 2, 

mj = 3, ^ 

^ mg =: 1, Wg = 4; 

and we have, as thus determined, 

Symbol of arsenic .. ... «*§*, 

Symbol of terchloride of arsenic .... 

Assuming 150 as the density of the vapour of arsenic, 

2 + 4w(§) = 150, 
w(g) = 37. 

Combifuxtiom of the Prime Factors x?. • •. and g. 


Name of sol)stanoe. 

\ 

Prime factor. 

Absolnte weight, 
in grammes. 

Xtelative weight. 


g 

3*308 

87 


Symbol, 



ATseoic . 


18*408 

150 

Arsenide of hydrogen .. 

A 

8*485 

39 

Terozide of arsenic .. 

a>|«f 

17-699 

198 

Pentozide of arsenic.. 


10*279 

115 

Arsenions acid . 

^1® 

5*630 

63 

Arsenic add .... 


6*345 

71 

BisidpMde of arsenic. 


9-563 

107 

Tetaniphide of arsenic ........ 


10-995 

123 

Penta^phide of arsenic ...... 


13-856 

155 

ITerehloiide of arsenic 


8-111 

90 75 

Ozydiloride of arsenic.. 

mS 

5-653 

6825 

Terlodide of arsenic 


20*879 

228 

TdrlhooDddeof arsenic ........ 

j 


14-078 

167-fii, 
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(11.) Sgmbol of Mereary .—AssniniTig 100 as the densil^ of the 
vapour of merouiy, and 135*5 as the densily of the vapour ef 
mercoiic chloride, 1 volume of mercurio chloride is decomposed 
into 1 volume of chlorine and 1 volume of meromy. 

Hence, putting as the symbol of the unit of mercurio 

chloride, and as the symbol of the unit of mercury, 


Mi=l + «, MIi=2 + ni, 7713 = 

The minimum solution of these equations gives 


and 

whence 


m = 1, 

«*i = 2, 

TTl, = 1, 


n = 0, 

»i = 0, 

«a = 1; 


whence we have 

Symbol of mercuric chloride .... 
Symbol of mercury ... ^ 


and 


w(8) = 100. 
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Comhinatiom of the Pnme Faciora 4, X, • • • • 


Name of Bnb&tance. 

Prime factor. 

Absolute weight, 
in grammes. 

Bclaiivo weight. 

8 

8*930 

100 


Symbol. 



Mercniy .. 

8 

8*939 

100 

Mercnrous oxide ... 

8=1 

18*593 

208 

Mereuric oxide. 

H 

9*654 

108 

Mercurous sulphide . 

m 

19*309 

SI 6 

Mercuric sulphide ............ 

88 

10*869 

116 

Mercuric sulphite. 

89S» 

12*614 

140 

Basic mercuric sulphite... 

SaSf* 

1 22*169 

248 

Mercurous sulphate . 

8>6g* 

S316» 

248 

Mercuric sulphate.. 

8$|^ 

13*230 

148 

Basic mercuric sulphate (Ta^•'l 

petli’s mineral).j 

Sulphate and sulphide of mercury 

wg" 

32*539 

364 


32*539 

8d4 

Selenide of mercuiy .. 

8X 

12*615 

140 

Mercurous selenite..... 

8S^|3 

23*600 

264 

Mercuric selenite ... 

8xg!> 

14-661 

164 

Mercnrous chloride ...... ,.. 


21*051 

235*5 

Mercuric chloride. 

«3t=8 

12*113 

136*6 

Oxychloride of mercuiy, I .... 


31*421 

851*5 

Oxychloride of mercury, 2 .... 


41-0'r5 

459*6 

Ovychloride of mercury, 8 .... 


60 rao 

667*5 

Mercurous chlorate .. 


25*342 

283*6 

Mercuric chlorate ... 


16*4.04 

183*6 

Mercurous perchlorate.. 

«v»8=|e 

26*7'r2 

299*6 

Mercuric perchlorate.. 

17*884 

199*5 

Chloride of mercury and sulphur 

Am 

25*655 

287 

Mercurous iodide .. 

««?8S 

29*281 

827 

Intermediate iodide.. 


69*814 

781 

iCereuric iodide.. 


20*202 

227 

Mercurousiodate .. 

ae«a8»f» 

33*521 

375 

Mercuric iodate.. 


24 583 

276 

Morenruus bromide . 


26*029 

280 

Mercuric bromide. 

«/S®8 

16*090 

180 

Tiimercnramhic..... 

«v28a 

28 069 

814 

Mercurons nitrate. 


23*420 

2C2 

Mercuric nitrate. 

«»28|® 

14*481 

162 

Nitrate and sulirhide of mercury 

«8^S382|6 

35*220 

394 

Nitrate and iodide of mercury.. 

avw8|5 

17*386 

194-0 

Mereuxamine.. 


39*382 

440 

•A . 


20*179 

226*76 

B . 

1^8 

11*240 

125*76 

0 . 


13*632 

152*6 

Mercurous phosphate... 


62*128 

696 

Mercuric phosphate ... 


35*310 

396 


The preceding tables comprise a large niamber of tho ascer¬ 
tained combinations of the piitne fectors to which they relate, 

Conned the action of ammonia on^lomel. B, Formed by the cction of 
aaMOOnia on corrosiye sablinudie. 0, Formed by the action of B on sal-ammouiae. 
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and afford sufficient illustration of the method. Hereafter I 
shall limit myself, in the case of each factor, to a few examples. 

With regal’d to the selection of letters by which the symbols 
of simple weights may be expressed, it is a mistake to confose 
the objects of a symbolic system with those of a “memoria 
teohnica,” and I am inclined to believe that a purely accidental 
distribution of letters among the weights to be expressed would 
be the best. In the selection here made, however, I have not 
proceeded rigidly upon this principle, a certain reminiscence of 
the name being retained in the symbol, as for example, the f of 
the 6 of deEbz;, the of and the S of vSpdpyvpo^. 

Facility of writing and reading the symbol is, however, far more 
important than any aid to memory which can be thus afforded, 
and these points are to be mainly considered. The unit of 
hydrogen, which occupies a peculiar position as the “modulus " 
of the system, is indicated by a special symbol, a. With regard 
to names, I cannot pretend to he more successful than others. 
In the confusion which at present prevails on this point it is 
almost impgssible to use a language which shall be universally 
understood, new names having been jfrequently and incon¬ 
siderately assigned to chemical substances as the expression of 
some transitory theory, or even individual speculation, rather 
than to fulfil the main purpose of words, as the common medium 
for the exchange of ideas. Hence, as in the language of bar¬ 
barous tribes* and from causes similar to those which there 
prevail, the same object comes to be denoted by a variety of 
appellations, and chemists of different schools can hardly under¬ 
stand one another. It is to be hoped that, as the science 
gradually assumes a more exact form, the use of symbols will 
enable the chemist to dispense, to a great extend with any 
other nomenclature, and afford a satisfactory solution to this 
difficult problem. 

Group 2.— SynihoU of Carbon^ Silicon^ and Boron^ 

(1.) Symbol of Carbon. —^Although the density of the vapour 
of carbon has never been determined by experiment, we are yet 

* Any Ifeature that sianick the obBemng mind as peealiarly characteristle eotild 
be made to fiimiBh a nev name. In common Sanskrit dictionaries we find five words 
for lan^, eleven for light, fifteen fordond, twenty for moon, ac.*'—Max Mhller, 
^‘JjectuM on the Sdenee of Ed. v, p. 426. It would be ea^ to find 

parallel exavo^les in the nomenclature of chemistry. 
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able to construct numerous chemical equations which conneot 
the vapour-density of carbon with known vapour-densities, and 
in which the number of volumes of carbon-vapour which enters 
into the chemical equal ion appears as an indeterminate quantity. 
From these equations we are able to determine with a high 
degree of probability, though doubtless only by the aid of hypo¬ 
thesis, the symbols of many gaseous compounds of carbon, the 
prime factor of carbon, and, within certain limits, the symbol of 
the element itself. 

It is known firom experiment that marsh-gas can be decom¬ 
posed into hydrogen and carbon, and that the number of volumes 
of hydrogen formed in this decomposition is twice the number 
of volumes of marsh-gas decomposed. 

Hence, putting y as the number of units of marsh-gas thus 
decomposed, and m as the number of units of the vapour of 
carbon formed, and pntting as the symbol of marsh-gas, 
and aas the symbol of carbon, 

ss 2ya -h (1) 

whence 

and 

-h 

Now, whatever be the values of y and these equations will 
admit of a minimum integral solution, provided only that y and 
X be integral numbers. 

This solution is 

m = 2, ^ = a’, 

« = 0, = y- 

As determined, therefore, from this equation, we have 

Symbol of marsh-gas. 

Symbol of carbon.. 

Assuming 8 as the density of marsh-gas, 

2 + xw(x) = 8, 

whence 

xw(x) s= 6; 

and putting W as the density of carbon-vapour, 

X 
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the above eijuatioxi (1) being thus expressed, 

= 2ya + axK 

We now should proceed to ascertain whether the same symbol, 
for carbon will satisfy the conditions afforded by other equa¬ 
tions. I will give one or two examples of the process by which 
this is effected. 

It is known from experiment that volumes of oleiBant gas 
are decomposed into volumes of hydrogen and volumes 
of carbon-vapour. Hence the absolute weight of carbon 
formed by the decomposition of a unit of olefiant gas is 

^W. 

.. . 

But this weight is determined by experiment, and is equal 
to twice the weight of carbon formed by the decomposition of 

a unit of marsh-gas, which weight is equal to -W. Hence 

-L ss —; aad putting as tbe ^;rm.bol of olefiant gas, and 
x*', as before, as the symbol of carbon, 


ya.fx*'- s=s 2y« + 2 ax^, 

and 

P = 2, Pi = 2a, 


whence we have the symbol of olefiant gas «*»**; and the 
symbol of carbon can be expressed in this equation also as x', 
where y has the value given in equation (1). 

Agairij by similar reasoning, putting for example^ as the 
symbol of siyxol, 

y««x® = 4yflt + (x)**, 

whence 

5 = 4, 5i = 8^, 

and we have as the symbol of styrol <«*x®®. 

The following are ths examples of symbols thus determined 


Marsh-gas . 

A^AtvlftTlA 


. «x*». 

OlAfianf: .. 


. «»x»». 

Methyl.. 

Hropylene . 


. <»»x*». 

. «*x**. 
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Ethyl . 




AJlyl. 



efixK 

Formic acid... •. 




Methylic alcohol.. 



► aVfe 

Oxide of ethylene...... 




Acetic acid..... 




Butylio alcohol .. 




Benzoic acid .. 




Chloride of methyl. 




Chloride of ethyl . 




Chlorine derivatives of chloride of ethyl, 1 

**• 

M ?> 

99 

2 


99 99 99 

99 

3 


Chloride of butylene .. 




Chloride of amyl. 


• • • . « • 

«®x**** 

Chloride of benzoyl.... 




Cyanogen. 




Cyanide of methyl .... 




EthylamJne . 




Cyanide of butyl.. 

!•••* .ay 


b’vx’*’. 

Cyanide of amyl. 



««»x«*. 


Were we thus to proceed to couBtraot the symbols of tlie 
gaseous compounds of carbon with the elemoiits of which tho 
symbols have already been detenninod, it would bo foxmd that 
in all cases these symbols could be expressed by an integral 
numberof the prime &ctors A, w, v,... , and that tho 

index of the &ctor x was always of the form mr, m being a 
five intoger. 

The only hypothesis which can bo made os to ilu* valiio of 4 *, 
which shall be at once necessaiy and suffidenf, is that .v sb 1, in 
which case «(*) = 6, and W, the density •>!’ Cturbou, = y x 6. 
This hypothesis is based upon a very largo unmbor of olwor- 
vaiaons of the most varied character, and cons(‘<iueMtly a voty 
high degree of prohalnlity is attached to it. For wo cannot 
bat believe, that if any chemical substance could exist, in tho 
cymbol of wbich the index of x should not bo of the form nw, 
among the great variely of known substances some ono such 
substance would have been discovered, and that the reason why 
the weight x" is never distributed in tim dhemical changes with 
wbkih we are ac<]uamted is that this wmght is a simplo weight,' 
and that« as 1. f 
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It is to 1)0 olwicrvod that tho woighl to bo given to an argn- 
niont of this kind may l>ocomo very small, if the observations 
on which it is hmnded ai*e few, and made esdnsively on one 
class t>f anl)Htimcea. Tims, for example, if the course of chemical 
iiHlTiiry had l)C‘on such as to make ns aoqtmintod only witl) the 
following Hubbtimcos: olefiant gas, methyl, othyl, bntylone, oxido 
of ethylene, glycol, alcohol, ether, acetic acid, and other snl>* 
stances of which tho symbols can be expressed by the fiiotor 
juid of whioli tlie symbols are a**? “®**> “**!?> 

“ *** 1 * 1 , and the l&e, where £ = kr, we shoidd, 

by bimilar reasoning, havo condnded that tlie symbols of tho 
oomjxmnds of carbon conld bo expressed by the prime &otor xj, 
of which the absolute weight w(xi) = 12, and timt xj was tbo 
symbol of a himple weight, a result whidi would not have been 
justified by a more extended oxjierienoo. 

Wo arc able to bring to Iwar upon tho symbol of carbon certain 
arguments of a very gem'ral application, and which are derived 
Irom direct experiment. If wo compare the chemical equations 
into which enter tho symlwls of tlio units of volurao of those 
elomeuts of wliich tho density can be experimentally determined, 
it will bo poroeived that, putting A as the mallost weight of 
tlie element which is in any case formed in tlie decomposition 
of the unit of any chemical substance, and V as the density of 

V 

the dement, either A ss V, as in tho case of mercury, or A ^ 
as in the case of hydrogen, chlorine, iodine, bromine, nitrogen, 

. oxygon, Kulplmr, selenium, or A as in the case of phos¬ 
phorus and nrseiiic. 

Tho tnith of tlio above obsorvation wiU bo soon on inspooting 
tho following equations, which liave already boon interproted, 

I. A ss V. Mercury:— 

s= + 5. 

II. A ss ^ Uydrogon, diloriuo, iodine, bromine, nitrogoo, 
oxygon, sulphm'', Bolonitim:— 

2uco = « + «»*, 

2aj3 5 = « + 

- 

2 X 


VOL. XXI. 
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2«9 = 2a + 9®, 

2a\ SB 2a + 

2a®v 5= 3a + a»®. 

TTT. A = —. Phoapliorus and arsenic;— 

4 

4a^<p = 6a + 

Tills weight A, which may be regarded as the limit beyond 
which the chemical division of the weight of nnit of the ele¬ 
mental body cannot be effected, is, it will bo observed, half iho 
atomic weight of the element on the most recent juid approved 
system. iSmd it is further true, as a matter of observation, that 
if X be the weight of an elemental body which is foltoed in the 
decomposition of the nnit of volume of any chemical substance, 
X is a multiple of A, so that X = NA, where N is a positive 
mtegor. The relation which this weight holds to the thennal 
properties of the clement will hereafter bo pointed out. 

From these considorations a certain probability is I’aisod in 
regard to the value of V, where the value cannot bo experi¬ 
mentally determined, in favour of the values V =s A, V « 2A, 
V=:4A. 

The smallest weight of carbon, A, which is formed by the 
decomposition of the unit of volume of any chomical subsbincc, 
in regard to which the point can be experimentally ascerlain( 44 , 
is that which is formed by the docomposilion of the unit of 
volume of marsh-gas, formic add, mothylio alcohol, and a'nS^ti 
other substances. 

Now, the equation which asserts the identity of the »vnii ol 
weight of mai*sh-gas with the units of hychogeu and oia*])on 
into which it is resolved, is 

7/a^K^ S= 2ya -f 

whence 

A = f V. 

y 

There are, therefore, from these consideralions, throe hypo¬ 
theses more pobahlo than others wliich may ho made as to tiio 

Ttdixe f.. 

y 
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Symtol of carbon . 

Syrobol of marsh-gas.. 

ill wliicb CORO the equation is of the fom, 


2. A 


and 


3. A 


and 


*®* =B 2« + X. 


V £ 
2’ y 


1 

2 ’ 


« S= 1, 3^ = 2 


Symbol of carbon .. 
Symbol of marsh-gas 


2flt*x = 4« + X*. 

V .»• _ 1 _ 1 * 


Symbol of carbon .. 
Symbol of marsh-gas. 


4«*x ss 8ct + xK 


*» 




5£» 

» > 

«*x, 


»*)C, 


Tlio symbol of marsh-gas (and therefore the symbols of every 
otlior cO'inponnd of carbon) is the same, whichever hypothesis 
be preferred I being, so thr, independent of the form of the 
primai'y equation. 

There is no class of symbols in regard to -which the direct 
ovidt'uoe of oxptrinient oitlier entirely or pjvrtiaUy fiiils us, as to 
■which woliavc mori' positive knowledge than the symbols of those 
sulmlsmces of whuh the vnpoxir-donsity can bo oxperimontally 
detx'nnined, and which caai be finally decomposed into carbon and 
the givsuouB demeuts. The formulm of those substances ore 
usually given with mihositating oonfidenco, and even the 
vapoiuvdonsily of carbon is treated as a reality. The evidence^ 
however, on the former point is far more satisfoctory than lhat 
on the "latter; and witli ora- present infomation, all that can be 
assorted -with tuiy liigh degree of probability is that the weight 
of the unit of carbon is a multiple of 6. 

As the extreme limit of chemical certainty is marked Igr the 
equation 

2«f « 2« + 

so tliejcquution . • 

y«** as 2 y« -k X* 
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may serve to indicate another degree in the same scale of 
chemical prohability; the assumption here made being all that 
is traly required to del ermine the symbol of inarsh-gua, by 
■wliic'li file symbols of the other compounds of carbon arc 
implicitly detcimincd*. 

Between the forms of equation 

= 2et + )c 

and 

2a^x = 4a + 

we have no adequate moans of selection. 


Coinhinations of the Pnme Faeior^^ a, f, fl, X, . and x. 



Prime factor. 

Absolute weight, 

Relative weight. 

Name of salstance. 


in grammes. 



0-530 

0 



* 


Carlion^. 

xV 

y X 0‘5JiO 

// X 6 

Acot}lcnc .. 


1‘1C1 

’ 13 

Marsb-gas .. 

a'x 


8 

Olctiaiitgag ... 


1-251 

14 

Benzoic ....... 


3*480 

89 

Carbonic oxide.. 

xS 

1-251 

34 

Carbouic acid... 

x|8 

3*967 

22 

Alcohol ..... 



28 

Ether...... 


8*308 

87 

AUylioalcohol 


z-m 

29 

Bonzylie alcohol.. 


4*827 

54 

Glycol...................... 


2*771 

81 

Glycerine ... 


4*112 

46 

Anhydrous acetic acid ........ 


i-m 

61 

Acetic peroxide... 


6*274 

69 

Ijaciic acid... 


4 023 

46 

Tetrachloride of carbon. 


7*111 

83 

Chloride of ethylene. 

er*Y'^ 

4*12.5 

19*6 

Chloroform. 


6*341 

69*76 

diloride of acetyl ... 

S'SOO 

,39*86 

Cbloracolic acid,.... 

eeiifih 

4*224 

47‘2'> 

Trichloracetic acid.... 


7*308 

81*76 

Chloroearbonic acid.. 

(snrxf 

4**126 

4i‘*6 

Iodide of ethyl .. 

cc^wx^ 

6*978 

78 

Chloriodide of ethylene.. 


8*516 

06*26 

Cyanogen ... 


2*324 

20 

Hydrocyanic acid. 

cax 

1*207 

13*6 

Methylamine.. 

<xhx 

3*386 

15*6 

Kalcodyl.... 



105 

Cyanide of kahodyl . 

e(*cvx^ 


66*6 

Iwldo of phosphotctrethylium.. 
Mercnric ethide.. 

M 

■19 

387 

329 

'* y bdng the nnmber of nnits of marsli-gas in iho equation (1), Boe. Vtl, Oroup 

8tt). 
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(2.) Symbol of Silicon .—^Iii tlie decomposition of chloride of 
silicon it has been useortaiiiod that tho volume of chlorine 
formed is double tho volume of the chloride of bilicon decom- 
l)OHO(l. 

Hence, putting as tho symbol of tho unit of 

chloride of hilicou, and as ilie symbol of tho unit of 

silic(m 5 and z as the number of units of chloride of silicon 
decomposed, and as the number of units of silicon formed, 
wo have 

4 * 

and 


whonoo 



z^n =: 2? 4 



zm^ = 4c 4 



Z}Ha ss 


vrliich give 

A L Ar 



. m = 2, n 

ea 0, * 


ass 4, Hi 

= 0, 


ss! Wg 

= Si 

a niiuimtun, 

whatever bo the values 

of s and Zi, if only a and 


be positive and integral. 

This gives as the symbol of chloride of silicon and 

tlio symbol of silicon <r®; and assiuniug 85 as the density of the 
chloride of silicmi, 

2 4 4 X 17*25 4 Ziw(<r) =s 85, 

and 

«»(«■) =* y* 

•^1 

Again, m tho decomposition of silicon-ethyl it has been ex¬ 
perimentally aseertiiined that putting z^ as the number of 
volumes of siJicon-otliyl decomposed, and the num- 

lyoT of volumes of hydrogen^ carbon, and silicon rospeotivoly 
foiinod by its decomposition, 

S = = aixd5i = £i, 

s y *s ® 

where - iB tho ratio of the uimibor of voltmios of carbon fimnod 

y 

to Uio nuiubor of volrmiotf t>f mareh-goB deoomposod, in tho 
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eqiiatioii expressing the result of tlio docompoBitiou of that 
substance (Soo. VH. Group 2 (Ipj and s and z-y have the vahiow 
assigned to them in the previous equation, llenoo, putting 
a*K**o** as the symbol of silicon-etliyl, »•' as the symbol of 
carboU) and a* as the symbol of siliooUj and substituting the 
above vabies for z„ Zg, in tho equation 

+ z^<f, 

we have 


yz X = Viyz x « + bars x x» + yzy X ff®, 


whence 

and 


tw •" 1*^9 fyty 9^2 ■“ 5 


and we have for the symbol of silioon-othyl, as determined fnnn 
experiment, a*®x**<r*‘, or, putting x = 1 (Sec. VIT. Grou]> 2 (1)), 
as in the symbols of the other compounds of airbou, 
Proceeding in a similar manner with the othui‘ gaseous com¬ 
pounds of sOicon, we have 


SjnniMd. 

Chloride of silicon. 

SOioon-ethyl ... 

Silicate of ethyl. «“x®^<r*>. 

Silicate of amyl... «®*x*“f*<r**. 


Monoohlorhydhino of silicato of ethyl a®;;cx*f®<r*>. 


Now there is but one hypotliesip wliidi can be made as to the 
value of Zy, which is at once necessary and sufEciout, muucly 
Grat Zy S5S 1. The reasoning hero oniployod is of the same khul 
as that by which the symbols of tho combinations of cMiitoiL 
were determinodj but tho observations Ixsing few, the eonchi- 
sion is of a less oertain character. By a similar argmnont also 
to that before used in r-egard to tho value of A, it may bo showi 
that there is great reason to believe that Zy =s 3, or = 2, or as 4. 
It is not necessary, however, to make any otlier assuniption 
than that £ = 1, in which case tho density of silicon-vapour is 
a multiple of 14 which is all that can bo assorted with pro 
bal^y. 

Put^g Zy PS 1, we have the foHbwiug symbols;— * 
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Combinations of the Prime Factors %.ff'* 



Prime factor. 

Absolute weighty 

Bolative weight. 

Kamc of substance. 


in grammes. 



or 

1-251 

14 


Symbol. 



Silicon... 

flp* 

z X 1-251 

IS X 14 

Silica.. 


2 682 

30 

Honohydrated silicic acid...... 

ecir§^ 

3*486 

39 

Sulphide of silicon. 


4-112 

46 

Chloride of silicon.. 


7-508 

85 

Bromide of silicon. 

c^/3V 

15-554 

174 

Silieou-othyl . 


C-436 

72 

Silicate of oth>l... 


9 297 

104 

Silicate of amyl.. 


11442 

128 

!Monochlorhy<&m of silioxte of 




ethyl .... 


8-872 

99-25 


(3.) SprJtol of Boron. —In tlio decomposition of the chloride 
of boron into its dements, ono voinmo of that suhstonco is 
dooomposod mth tho fuiination of volume of chlorine. 
Ilenco, if be tho smallest hitogral number- of units of tho 
ddoride of boron decomposed, and y^ number of units of 


boron formed in the decomposition, = _; and putting 

y® 3 

as tho symbol of tire torchloiido of boron, as 

tho symbol of boron. 


whonoo 

turd 


2ijyu«x”'^^ = 3yi«x* + 

2y,j» = 3yi + y^n, 

%imj ss 6^1 -f yjWi, 

2yi»»a *= ya«y 


Kroin tho iu-st of tlroso equations it appears (sinco y^ aird y^ 
have no common measure) tliat y^ cannot bo an oven number, 
if tho equation is to admit of an integral solution. Making 
this assumption, -wc have, prrtting yg = 1 + £«, 

w ss 2 + iSi « = yx, 

8, «! = 0, 

t/ig ss 1 + 2s, «g — 2yy 
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a Tfimimani, wliicli givo 

Symbol of cbloiiclo of boron .. 

Symbol of boron. 

Also, sinco 5'5 parts of boron are formed by tlio docompoHi- 
tion of 1 voltuu© of ebloiido of boron of Ibo density 58‘7,'), 
putting W as the density of boron-vapour, 


PjW ya(l + 2ig(/3t)) _ 
2 


and putting ya “ 1 + 2g, 

«'0Si) 


$-z 

1 + 2V 


Again, putting as the symbol of boric mothido, and 

(as before) ~ as the number of volumes of carbon formed by the 

decomposition of one volume of marsh-gas, and givbg to yj 
and yj tlie same values as in the last eqriation, it is known from 
experiment that 

= 9yyi« ■+ Gry^x*' -t- yya***^; 

whence 

2wi as 9 -f- yj, 

2m^ =s 6.r, 

”‘8 *= ya* 

and putting ya = 1 + 2ir, and ® = 1, 

m =s 5 + s, 

TOl = 3, 

Wj sa 1 -f 2s, / 

/ 

and wo have for the syrnlwl of boric metludo «®^*x®/8}'^®’. 

Proot'oding in a simihur manner witlr the other gsJseouH com 
binations of boron, we arrive at the following symbols 


Symbol. 

Boron.. 

CSilotide of boron. 

Boric methide. a*+®j8}'■**x*. 

Boric ethido... 

Trimethylicborate,,. «®+*;8}+*»x®f'*. 

Triethylic borate ...... +**x®|®. • 

Triamylio borate . 
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By similar roasoninfi^ to that employed in the case of silicon, 
we aixi 1 (m 1 to assinno in this system of symbols = 0, whioh 
roMills in the systoni given in the following table- 


Comhhiafions of the Pnmc Factors fl, . emd 


Kamc of Sub&ianco. 

Prime factor. 

Absolute weight, 
in grammes. 

Bclaiave veight. 


ft 

0*447 

5 

Boion. 

Syxniwl. 




y X 0*983 

y X 11 

Teroside of boron. 


S*129 

85 

Boracic acid .. 

oSSil' 


31 

rcrclilorido of boron.......... 

«h\’» 


68*75 

Nitride of boron.. 

1*117 

12*5 

Boric mothido... 



28 

ri*ixiuthyli(s borate. 



62 

'Pnotbylic i>oratiO «. 


6-631 

73 

Triamylic boraio .. 


12-16r 

186 

Boricoiililclo ... 


4*380 

40 


If wo prooGod to doiormino the most probable symbol of 

y V 

boron by aid of the hypothesis A =ss V, or A = , or A « 

(Sec, Vn. Group 2 (1) ), wo have in case (i) A = V, = 1> 

which admits of no integral solution, //g being' odd and prime 

to 1 /^; iu ciiso (ii) A = X = s» aud^g = 1. => 1; in case 

a 

(iii) A = s= i, and =a 1, yi =* 2. Ilonco the wore 

im>I«d)lo HyiubolB for l)orou (from tlioao considorations) are 
and rt®yS{, iR'lwoon which wo omiuot deddo. 

Tlio HyiiiholH wliich have hceu ntiHif^nod to the gasoons com- 
j)ouudH of till* procodiiig clomontw, silicon and boron, nro to bo 
regarded as tUo ftynilwlic osprossion of tho most probable hypo- 
tUoHis OH to thoir choinioal ooustitu'lion, wliich is consistent with 
tho known facts of gaNOons comhiuation. What weight, we 
nuiy ask, is to bo attached to such condLnsions? Now, it has 
aliMiwly boon tomorked that tho weight to be given to such 
hyiKithesos primarily dejionds upon the number of cases to 
wiiioh,tli(*y aro appUcablo. in tire case of these elements 
wu are ooipiaintud only with a very limited number of gaseous 
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compounds; and it must be admitted that, regarded exclusively 
from dais point of view, but lifctlo value could bo attabhod to 
any inforeuco at which we thus arrive; for tho conclusions 
drawn firom six or seven instances, accidentally selected, would 
not improbably be negatived by a more extended experience. 
But our judgment is in truth based upon considei*ations of a 
&r more complex character; and it would be unreasonable not 
to extend our view to the probabilities derived firom other 
sources of the inferences to which the various hypotheses lead, 
and which often enable us to select among them. 

For example, in the symbol of the chloride of boron, 
the value of xr is necessarily limited only by tho 
5 ^ 

condition toOSi) = whence z is less than 5. But if we 

proceed to assign to z the different values 0,1, 2, 3, 4, it will ho 
fouud that on the first hypothesis, 2 = 0, the combinations of 
the prime &ctor form a system strictly similoi* m the laws of 
their constioiotion to the system of tlio comhiuatious of tlio 
prime factors v, f, and g; whereas on tire other hypolhosos they 
are analogous to no existing system whatever. 

Thus, putting 2 = 0, we have the following parallel systoms, 
limiting OUT view for tho moment to the gaseous compounds of 
boron. 

8 0 . 

Boron. M*' 

Ohloiide of boron .... 

Boric methide . **/8i*® 

Boric ethide. 

Triethylioborate .... a®j8i»®5® 

Phosphorus . 

Chloride of phosphorus 
Trimethyl-phosphino 
Triethyl-phosphine .. 

Phosphite of ethyl .. 

If we put 2 = 1,2,3,4, the system of the gaseous compounds 
of boron appears with the following symbols:— 


Nitrogen.. «v* 

Chloride of nitrogen 
Methylomiuo...... aW 

Ethylamino. 


Arsenic.. («g®)* 

Chloride of aisouiO- 
Trimotiiyl-arsiuo 
Triethyl-axsino .... 
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8 « 1. 

8 = 2 . 

8 — 3 . 

s«4. 

Chloride of boron,. 




«w 

Boric niothido.... 





Boric cthidc. 

«.W 

a*»/3V 



Tiiethylieboxvito., 






to which uo parallel can be found among known and existing 
sy-fitenifl. 

This (soincidenco cannot bo regarded as of an accidental 
character. It is doubtless the result of the profound analogy 
of (ihemical properties by which this group of dements is con¬ 
nected, and which is revealed to its in the similarity of the sym¬ 
bolic fomiH of their combiJiations. 

Group 3 .—Symhoh of Autiniony^ Zinc^ Cadmium^ 

and Siivei\ 

It is evident that if some property of matter were discovered 
whioli admitted of acoui’ato ostnimtion, and whicb should vary 
with the gaseous density according to a known law, we should 
be aide to infer the density from this property. Now in the 
numbers which represent the relative specific heats of dxomical 
substances certain romai’kable relations have been observed, 
which render it probable that general laws of this kind will 
hereafter bo discovered, connoetiug the gaseous density of 
dieinical substances with their specific heat, and which will 
afford a more solid finindatiou than wo at present possess for 
the construction of a complete system of theoretical chemistry. 

The law of I) u 1 on g mid P o ti t is the most important of those 
nuiuorical relations which has boon as yet aseortoined. This 
law may bo regarded as an expcrimoutal tmth, and thus 
stated:— 

If A, Aj, Ag,.... A„ be the sinullost weights of tixe elemental 
bodies formed by the decomposition of Iho unit of any (‘hemical 
substance, mul if h, Aj, ... /i’* bo the specific heats of those 
elements, cither in the li(iuid or solid condition, tixou 

JiA. SS5 = /igAg a= .... 

Ill the following Table the value of the ratio is given in 

the also of those olernents of which the symbols have been 
eoiisidorod, and of which the Specific heats have been experi- 
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moutolly dotoTiidiiocl, withilxe oxooptiouof tlio olomontB enrbon, 
boron, and silicon, wbiolx do not appear to satisfy iho condiiion. 
But tlioBO substancos affoot soveviJ ullotrojrio fonna, and liavo 
more tliau one spotalic boat; and it is jiot imiirobablo tliat hoiuo 
variety of tlioso oloinonts may yet bo disoovered wMch sball 
conform to tlio law. 


In the last column h„A„ is assumed as the moan of the values 
given in tho preceding column, namely, 3*289. 


A. «. /4A. g ■■ 

Stdphur . 16 0*2026 3*241 0*985 

Selenium. 40 0*0837 3*348 1*018 

Iodine. 63*5 0*0541 3*436 1*045 

Bromino. 40 0*0843 3*372 1*025 

Phosphorus.... 15*5 0*2120 3*285 0*999 

Arsenic. 87*5 0*0814 3*052 0*928 


Hence if the specific heat, A, of an element be known, wo ore 

able, from tlie equation A = ss to oalculato iho 

value of A. The reasons have alroady boon given wliich load 
us to assume, with a certain probability, tliat W being the 

W W 

density of the element, A = W, or » or = Whence, 


if A bo known, W is detormmod witliin certain limits. 

S^nJbol of Antirtumj. —^Lu. tho decomposition of the tondilorido 
of antimuuy into its demouts, if y be tho miiubcT of nuitH oi‘ tho 
toroldorido of antimony decomposed, and tho imuibui* of units 
of uhlorino ibrmod in ^o decomposition, 


.V ^2. 

Vx 3 ’ 

whence, if y, be the greatest common moasuro of y aixd y, 

2y^ and y^ sz Sy,; and putting y^ as tho uumbur of unils 
antimony funnel W as the density of antimony, V oh tho 
density of chlozine, and Yj as the density of toruhloridu of 
antimony, 

yaW = y,(2Y, - 3Y), 

and since V sa 36"5, and = H4‘25, as expciiinonlally 
detemuned. 
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Now tlio spodfic heat of antiniony, as dotermmod by 
Ecgnaxilt, is 0-05077; wlionco, putting A = 


A - 

0-05077 


= (54-8; 


and since 2 x 04-4 = 128-8 may bo regarded as approximately 
equal to 122, we may assume, within the limits of error, that in 
the above dccompositioii 

2/,W = 2yjA. 

Now tltroo hypotheses m,iy, as has been shown, be made as 
to the probable value of W. 

1. W = A, in which ease y, = 

2. W s= 2A, in which case y, = y^. 

B. W =s 4A, in which case 2y, = y^. 

Furihoi’, putting symbol of the torchloiido of 

antimony, as the symbol of ddoriue, and a*x*'(r5* as the 
symbol of antimony, wo have 

whonc/e 

2m y, = Sya + uy,, 

Swiya = (iya 4 Wiyg, 

= «a2/3> 

1. Nowon the first hyqiothobisjy, = 2 y 2 , which is incompatible 
with any solution in whole numl)evB of the first of these equar 
iions, whidi then becomes 

2 m =s 3 + 2»: 

this hypothesis is thorofoi-e to bo rojootod. 

2. In the second case y^ = y^, and we have 

2m = 8 + n» 

2»tj =s 6 + My 

2ffl2 = Wjj, 

ilio tniniTnum integral solutions of v^noh equations give 
m = 2, n = 1, 

• wij ^3, Bj = 0, 

flty as 1, n, =s 2, 
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and we haye as the 

Symbol of terchloriclo of antimony. 

Symbol of antimony.... • •. «<4' 

3. On tbo third bypotbosis 2^3 = and 

4//i = 6 + n, 

= 12 + «i, 

4«i2 = 

and 

«? s= 2, w = 2, 

SSS 3, = 0, 

TWg = 1, ^2 == 4, 

a minimum, and tbe symbol of tlie torcbloride is, as before, 
symbol of antimony aV{, tbe equations on tbo 
two hj^potbeses being thus exj)resscd: 

Hypothesis 11 . 2 a®;(;Vi =s 

Hypothesis HI. = 6 a%® + a^erj. 

The symbol of tbe torcbloride, and of all other compounds of 
antimony, is tbo same on either view. 


CmnUnaiiofiis of the Pvime Factors f, . oiid cr|^. 


Name. 

Piimo factor. 

Absolute woiKbt, 
in gpnunuiOB, 

Itolativo ’weight. 


fl-i 

6’408 

60*5 

Antimony, Tlypothcsia 1 
Antimony, Ilypotlicbis 2 ...... 

^oroxida of antimony. 

Symbol. 

arias' 

10 005 
21-felO 
la 051 

122 

241 

116 

Tatxozide of nnllmony. 

13 707 
14*4(82 

L54 

Pentoscido of antimony.. .. 

102 

Tensnlpkide of antimony. 

PcntaBulplude of antimony.... 
Terehlondo of antimony 
Pentacblonde of antimony .... 
Ozycbloride of antimony. 

15*198 

18*057 

10*213 

138*86 

7*766 

170 

202 

114 25 

149*75 

80*75 


Symbol of Bmmth —^Wo are able to make jwciboly similar 
statements as to tbo relation which subsists between llio 
densities of tbe terchloride of bisiuuib and its eleui<*iilH,. 
ciblorine and bismuth, to those wbreh liare made r(*speeting 
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torclilorido of antimony; and putting W as tke density of 
bismutL, V the density of chlorine, and the density of ter- 
cliloride of bismuth, wo have, as boforo, 

y3W-y,(2V,-3V); 

and putting V = 35-5 and = 157*25, 

= 2^2 X 208. 

Now, the specific heat of bismuth. A, = 0*03084, and putting 
A ^ 8-289 , 

0-03084’ 

A = 106-6. 

Wo may honco assumo that ygW = 2 yjA, and as before, 
putting 

1. W = A, 2^3 s= 2^3*, 

2. W = 2A, 2/3 = yj; 

3. W = 4A, 2 y 3 =s y^; 

and by prodisely similar reasoning to that in the last example 

putting «*%***^ as the symbol of terchlorido of bismuth, and 
as the symbol of bismutii, irom tho equation 

•wo arrive at the foUowing symbols, rejecting, for the same 
reason as in the case of antimony, the first hy|)othesis. 

On tlio second hypothesis, W = 2 A, 


Siymhol of bismuth ... 

Symbol of torohloxido of bismuth ...... 

On the tliird hy|)othoBis, W = 4A, 

Symlml of bismuth .. 

Symbol of torohloxido of bismuth. **X®J®a* 


Wo have hence the following system;— 







444 


BltOSim OK THE OALOTTIiVS 


Combinations of the Prime Faeiors 

?> ®> %» • • • 

. and /Sg. 

Kamo. 

Prime faeWr. 

Alisoluio weight, 
in giammes. 

KohUivo weight. 



9*252 

103*6 


Symbol. 



Bismuth, TTypoibesis 1........ 


18*694 

208 

Bismuth, Hypothesis 2. 


87-188 

4\6 

Tcroxidc of bismuth. 


20-739 

232 

Pentoxidc of bismuth.. 


22-169 

248 

Hydrate of bismuth.. 


10-772 

120*5 

Bismutbic acid . 


20-789 

232 

Bisulphide of bismuth. 


21 461 

240 

Tcrsulphide of bismuth . 


22-884 

256 

Tcrchloride of bismuth. 


13-967 

156*25 

Oxychloride of bismuth . 


11-698 

129*75 

Tricthyl bismuth ... 


13-18S 

147*5 

Chloride of protethyl bismuth.. 


18-767 . 

154 


SymM of Tin .—^In tho (lecomposilioTi of tho gtasoonR chloride 
of tin into tin jind diloiine, the voltimo of cliloriiio forinod w 
doable the volume of the cliloiido decomposed. Ileiicc, putting 
as tho number of units of staumio cldoridc docoinpoHcd, and 
^mbols, rcspoctivoly, of Btsmnic chlo¬ 
ride and of tin, 


and 

whesnee 


In all oases 


ra 2y, + ji/jM, 
yi»‘i « 4»/i -f 
yi»«a *= ya”s* 

«* s= 2, »i ss 0, 

= 4, =s 0, 

”hi = ya» «3 = 2/if 


a minimum, and "wo honee have, as determined &om tho a1>ovc 
equation. 


Symbol of tin. 

Symbol of bichloride of tin... «5 


and, assuming 130 as the density of bichloride of tin, 

2w(») + 4to(^) -f yjx aa ISO; 
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whence 

“ 59, 

an (I 

W 5= ifito(7t^) = Ml 59, 

ih 

Now, proeoocTiiig to oonslinict the symbols of the other known 
gsiHOons (‘oniponndw of tin by processes precisely similar to those 
of wliich RnJHeiont examples liave ahroady* been given in the 
case of tlio olejnents silicon and boron, and which it is xumeces** 
saiy hero to repeat, we amve at the following symbols:— 


Symbol. 

BitMorido of tin. 

Ohlomlo of fltannic dimetliyl . 

Clilorido of utaniiio diethyl .. 

Bromide of Btaimio diethyl. 

Todido of Btanuio trimuthyl .. 

Ohlorido of staimio triothyl. 

Bromide of ntasmio triothyl. «t®j8x®xf . 

Staimio dimethyl-diothyl .... bi***x}». 

Stannio tetrothyl .. 


As in tho oorrospoiiding caeefl which have already boon dis- 
cuBSod, there is Imt one hypothosis lliat can bo made as to 
tbo value of wbich is at once necessary and sufficient, 
namely, tlwit y^ s= 1, which gives as iit© symbol of Hchlo- 
ridc of tin. 

Now tho spoeifio boat of tin is 0‘05C28. Ilenco A = 

* 0‘05b23 

sa !i8-S; and it is known from exporimont tliat 1^® W =* 59. It 

may thoroforo bo assumod that & W = A. 

^ .V. 

Uonce (1) If A ss W, ^ ss 1, and y^ = l,yj ss 1. 

Vx 

(2) Xf A = -g-, ^ ” S’ y% “ Vi “ 

” yi * 

(3) If A ss ^ and y^ =s 1, = 4. 

4 y, 4 

Hence it appears that from..these considerations also (wlrich- 
evor hypothesiH be proforrod) yg « 1, and tlie symbol of Indilo- 
VOlj. XXI. 2 K 
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ride of tiu is syinlx)! of tin is, from these dntu, 

either Xj, xf, or x}, between whidi values wo have no moans of 
selecting. 


Comlnnaiions of ilie Prime Factors «, fl, .... and Xj. 


ITame of Bnbstancc. 

Prime factor. 

Absolnte weighty 
in grammea 

BelaiiTC weight. 



5*274 

59 


Symbol, 



Tin. Hypothesis 1 . 


5-274 

.'59 

Tin. Hypothesis 2 . 

*1- 

10*518 

118 

Tin. Hypothesis 3 . 


2P096 

238 

Protoxide of tin.. 


6*980 

67 

Binoxidc of tin. 


6*704 

75 

Hydrated stannic acid ........ 


7-508 

84 

Pintosnlphide of tin. 


6*704 

75 

Bisulphide of tin . 

*10^ 

8*135 

91 

Bichloride of tin ... 


8*448 

94 5 

Tetrachloiido of tin .. 


11*621 

180 

Chloride of stannic dimethyl .. 


0*788 

109*5 

Ohloiide of stannic diethyl.... 


11*010 

123 5 

Bromide of stannic diethyl.... 


15*018 

168 

Iodide of stannic trim< tbyl .... 

etW*Xi 

12*062 

145 

Chloride of stannic iriethyl.... 


10*749 

120*25 

B.omido of stannic tiiothyl.... 

ocWki 

12*788 

142 5 

Stannic totrethyl . 


10*450 

117 

Stannic dimothyl-diothyl. 

fltVxi 

0*207 

103 


^vibol of Ziive .—It is known from experiment that one volume 
of aino-othyli of which the density is (51-75, ean ho doeom]>OHod 
into 5 volumes of hydrogen, 154 parts 1^ weight of oarlK)U, and 
32*6 parts by weight of sduc. 

Now, since fi paris by weight of carbon aro formed by (ho 
decomposition of one volume* of marsh-gas, pulting y, as (he 
numbor of volumes of srfno-othyl dccoinposod, and //, ns (ho 
number of volumes of Ya]»our of carbon fontusl in this dcoom- 
positiou, 


where x and y have the values inrcvionsly assigmsl lo th(>ni 
(Sec. VII. Group 2 (1)), and assuming.« = 1, 

£2«f; 

J/i If 

► ♦ 

whence, pxitting 3^3 as tho mnnher of volunios of srino fonui^lt 
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as the symlMil of ziuo-otiiyl, as tho symbol of 

Kino, a. as tho symbol of hydrogen, and as the symbol of 
carbon, 


nnd 

whout'o 


yi»» = %i + ya”. 

yi'«i = + y3«i» 

yx®*2 “ y3**a> 


which equations Iiavo for all integral values of y■^^ and tho 
xniuimtuu solutions. 


nx — 5, xt =: 0, 

= 4, jXj = 0, 

»”a + ys «a “ Vv 

which j^vo tho following espressiojos for the symbols, 

Zino-ethyl . 

Zinc. 


In a similar manner we arrive at a®*®?** as the symbol of zino- 
mcthyl. 

Those aro tlio only gaseous compounds of zino known. 

Tho spooifio heat of zino is 0“()9.56. Honce it may be 
asHumiHl that 


A - 

O-OShV) 


= 84*4. 


Now, from tho al>ove equationH 

= 32-75, 

V\ 

W being the density of zinc in the gaseous condition, and 
approximately 

?^W=sA. 
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4 W 

On each hj'polht'HW the* valno erf'is llu* same, lienee we 
have— 


Name of snbsUncc. 

Prime factor. 

Abfcoluto wcififlit, 
in 

Kolaiive wolaihl. 


s 

2 906 

82-6 


Symbol. 



Zinc. Hypothesis 1. 

X 

2-006 

32-5 

Zinc. Hypothesis ^ .. 

J! 

5-811 

06 

2Siic. Hypothesis 3 . 

Oxide of ziuc . 


11*«21 

130 


8 620 

40-5 

Hydrated oxide of zinc. 


4 125 

40-6 

Sulphide ,, . 

<» 

4-886 

48*6 

Sulphate „ . 


7-106 

fiO-6 

Hyposulphite „ „ . 

Chloride „ „ . 

«)?? 

7011 

0-079 

»8‘6 

08 

Carbonate i, „ . 


6 687 

02-5 

Zinc-moihyl... 


4-246 

47*5 

Zinc^cthyl .. 


6-49^ 

61-5 

Zinc-amide , . . 


4167 

46-5 


Symlol of Cadmium. —The densily of the vapour of undmhun, 
as ascertained hj Deville, and Troost, is 56*7 on the hydrogtm 
scale, and iu the deooinposiiiou of the chloride of cadmium o(iU(U 
volumes of uhlorino and cadmium are formed. 

Hence, putting 

«" 5 C“**** as the symbol of diloiide of cadmium, 
as the symbol of cadmium, 
as the symbol of ddorine, 

== + y9*"x’''*s^ 

and 

whence 

y^m - ya + 
y,w, = 2ya + ya«i’ 

.Vi»«a= y^hf 


Now the specific heal of cadmium is 0*05669, whence the cal- 
cfalated value of A (putting A = « 58, and W a= A. 

Hence, assuming in conformity with the principle previously 
laid d#wi, that-^^^ « XA, where X is a pcsitivo integer, tiiiuc 
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W = A, aad and y^ have no oommou measure, y^ *= 1, and 
tho above equations become 

= ya + ya®' 

jM, = 2ya + yaJtj, 

which iu all cases admit of the solutions, 

m = n = 0, 

jftji = %y^ »! = 0, 

*^*a “ ya» «a “ 

and wo have 

Symbol of chloride of oadmium ...... (*x**a)'*> 

Symbol of cadmium ... x^. 

Or, assuming as the most probable hypothesis (in de&ult of 
farther informatiflu) that y^ = 1, wo have 

Symbol of chloride of cadmium. 

We hence arrive at tho following symbols;— 


Combinations of the Prime Factors a, St X> 


Kaiao, 

Piime factor. 

Absolute weight, 
in grammes 

BelatiTew^ht. 



5*006 

66 

Cflidmiimi . . 

Symliol. 

X> 

6*006 

56 

Oxide of cadsQiium ..... 

*j4 

xj 

Xtfif 

“r-'? 

«,x|> 

6*721 

64 

Sulphido ot cadmuiiD.. 

6- 436 

9*207 

8-179 

7- 688 

72 

Sulphfl.to of oAdTniwm ....... .. 

104 

Ghlovido of fiodmitini.. 

91-6 

CtftpbonatO of Od^piium ...^ t * ■ 

86 



SynM of Silver. —^Tjastly, I will give one example of a class 
of symbols with regard to which we have even less positive 
knowledge, and aro thinwa almost exclusively upon hypothesis. 
Tho spodfio heat of silver is 0*05701, whence the cdculated 

value of A ^putting A = “ ®'^'®* 

Now, the pm-contage composition of chloride of silver is 

Silver ... 75*26 

• (Ihlorino . ... 24*74 


100*00 
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whence, pntting 

symbol of chloride of silver, 
symbol of silvor, 
a;^* as the symbol of chlorine, 

+ 2^3*Vgi"? 

and 

y^m = ^2 + S's’’'* 

“ %a + Wh. 
yi«»a = W'sr 

and putting W as the density of the vapoitr of silver, 

yj^ ^ 35>5 X 75>24 ^ ^(,g 
2/a 24*66 

whence we may iixfec that 

4^ = 2A. 

Vi 

Also from tlie general conditions previously given, 

a XA, 

Vi 

where X is a positive integer. 

Hypothesis L—Lot us assume that W a A. Then 

lla a 2, 2a =a X, and 2* <» f. 

J/a Vx Vx 2 

There arc two cases, according as X is assumed to l>o otid or 
oven! 

(1.) Let X = 2« + 1, an odd number. Tlion .y, = 2, //j = X, 
2/3 a 2X; and substituting those values in tiio ccpuition 

y^m = yj + y^n, 

we have 

Sljft = (2® + 1)(1 + 2 ji), 

to which equation there is no integral solution. This hypotixosis 
is therefore untenable. 

(2.) Let X = 2®i, an even number. Then y^ ss 1, y, aa 
yg = 2®i, and 

m s= a>j(l 4. 2»»), 

Ml = 2®,(1 + «,), 

s: 2 ®i« 3. 
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Tboso equations in all oases admit of the miuimnm solution, 


»n a= 

•I*,, 

» 

= 0, 

>», as 

2.r„ 


= 0, 

mj = 

2.ri, 

«a 

aa. 1. 


In ■wliioh case the above equation becomes 

+ 2 g,), 

the symbols being thus expressed: 

Snubol. Weight in gm. Belattve wdgkt. 

Silver. 4-827 54 

(Monde of silver.. x 12*828 .r^ x 143*5. 

Hypothesis IL—Now, lei W *= 2 A. Then 

.Vj = 1, and =s X. 

!/a ifi Vi 

(1.) Lot X bo odd, ss .f 1 ; then y, sa 2 , =* X,as X, 

and 

2»i as (2v« + 1)(1 + n), 

2»»i ss (2* + 1)(2 + «j), 

2 «lj a= ( 2 .T + l)Ma- 

Those equations in all cases admit of the minimum solution, 
m as 2 ^* + 1 , = 1 » 

»nj sa 2.r + 1, Mj aas 0, 

irtj s= 2.1’ +1, »i2 = 2, 

and lh(‘ above equation becomes 

« ( 2 <« + 1 )(«X* + *ff). 

the symlxds boiug thus oxprossod; 

Fiime &eior. Weight hi gm BehttiTe treig^t. 

gi. 4*783 58*5 

Symbol. 

Silvor. «gf ’ 9*654 108 

Chloride of silvor.. (^‘O + (2.* + 1)71*75. 

( 2 .) If X = 2 ^ 1 , an ovon nximher, ss 1 , y, s= y, = «j, and 

jM ss /ri(l + «), 

. wj, « .ri (2 + «,), 
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which admit of tho nuiminim solution. 


m = n a= 0, 

Ml s= 2.i‘i, «i = 0, 

Mj = .«*!, n^ — h 

This hypothesis i% howorei', tmtenahlo for tiie following 
reason. 

According to the definition given of tho weight A (See. VIl., 
Group 2 (1)), the weight A is the smalleHt weight of silver 
formed the decomposition of the unit of any dioniictil snh- 
stanoe. Hence, if y ho tho number of units of tho kuIwIuuco 
decomposed, and.e &e number of tmits of silvor in tliat u<]untiout 
in which the weight A appears. 


«W 

y 


A. 


And putting gj as the symbol of silver. 


and 


y?\ - Hv 


ty as «; 


but since W = 2A, y =s 2ar, whence 2t = 1, to which equation 
there is no integral solution. This hypothesis is therofijre to 
be rejected. 

however, in the above equation we select 2 as the vjiluo 

of«a» 


m as /Py 

Ml SB 2«i, 

«»a =* 2a'y 

in wliioh case 

^ + gi)»' 

and we have 


and ty SB 2« and t be 1 . 

It a]^ears, therefore, that so far 6i8 any infonnntion extends 
which IS afforded to us by the spedfic heat of silver, tho syml>ol 
of tl^ metal may be regarded as identical in form with tlmt 
of zmo or mercury, the equation under consideration being 
, .expressed thus, ” 

*X*ff * «X* + 
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or as being similar to the equation 'which eatresses the relation 
esistu^g botween merenrons chloride and its elements, 

+ 2S. 

Or again, it may also bo regarded as identical in form with the 
symbols of clilorine and of nitrogen; in which case the above 
equation is 'thus eaqnrossed, 

2ctx?i = + ‘(if, 

and is similar to the eq'uation which connects the symbols of 
the chloride of iodine -with those of chlorine and iodine, 

+ *«*, 

And lastly, 'the &ots are not oven inconsistent with the as¬ 
sumption that the symbol of silvor is identical in form witix the 
i^nnhols of oxygen and sulphur, so that 

+ gw 

which is similar to the equation which connects the symbol of 
the bisulphide of chlorine with the symbols of i-ts elements 

ss + S'** 

The symbols of silver and its compounds appear, on the two 
more probable hypotheses, as follows;— 


Ilypothesis 1. 
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flypothosis H. W =s 2A, X = 2.)* + I. 


Name. 

Prime factor. 

Almolulo voi^ht, 
in grammea. 

Itoliiti VO weight. 


Cs 

i-ms 

58*5 

f4ilvft‘P , ... 

Symbol. 

c(fa- 

CIP^^ 

avfflx 

0-654 

108 

OyMa nf nilvftr .. 

10*860 

116 

Spjpliide of ailvep. 

ir086 


Sulphate of silyor 

13*945 

leo 

of silver.. 

6*414 

71*76 

NHiate of silver ... 


86 

MetaphoBphato of silver . 

I’l^phoBphate of silver 

Orthophosphate of silver. 

Cyanide of silver .. . . 

8*858 

27*086 

18*728 

5*989 

()8*6 

809 

300*6 

67 


This example may servo to show how iiuuleqtiato uro those 
ooiudderatioiis which aro ireq'aeiitiy regarded as oflurdiug a 
satis&rctory solution of these important problems. If we aro 
to prouoimou an opinion on such slander data>, tlie moro pi‘o- 
bable hypothesis seems to that wliieh associatos silver and 
tho allied metals with tlie other eleoti’o-positiye olomouta In 
the two casos (namely mercury and cadmium) in which tho 
fact can be o:q>erimcntally detcarmined, W = A. In other 
instances also, such as that of sduc, there is every rettson t<» 
believe that this is tho cose. 

As hypothesos thus aocumulato, tho probability diminishes of 
the oouclusious which axe based upon tluon. It is, howoveu*, 
to be romcml)crod that snoh tmoertoiuty is not ju'cnilior to 
cUoraistry, but that in every inductive science otir exact know¬ 
ledge lies within a very narrow sphoro, ns oomparod with the 
total field of observation; and after every deduction has U'cn 
made on tliis account, tlicre remains, as the solid nucious of the 
sdieuce, the combinations of carbon and the gaseous ulomciits, 
which hold in the theory of chemistry a position somewhat 
analogous to that occupied in astronpmy by our sohu' system, 
as the area of exact observation. 

Sbotiok Vin.— Ok the Aepabekt BxaEPnoKS to the Law oe 
Prjdmb Faotobb. 

(1.) On proceeding with tho construdaon of the syuilwls of 
chomieal substauees, it will lie fomwl that in a ecrtahi limited 
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mutilicT of oaseH the primary equations arc apparentiy of such 
H nature as to render impossible the expression in them of the 
symbols by moans of the same system of prime feotors «, X) ?» 
... by -which the symbols in other cases can be expressed. It 
is prolvvblo that thj^ auom<xly admits of a very simple esqklaua- 
tion, but it is not -without interest to consider the modifications 
which such a feet, if it wore truly established, would render 
nocessaiy in om* chemical ideas 

TIio density of sal-ammoniac in the gaseous condition, as 
o:^OTimenta]]y determined, is 14*44, so that four volumes of 
sal-ammoniac are apparently decomposed into four volumes of 
hydrogen, ono volume of chlorine, and one volume of nitrogen. 
Whence, putting as the symbol of the unit of sal- 

ammoniao, 

iuid 


2m ^ 3 , 
2m, S3 1, 
2mg tss 1 , 


and the symbol of sal-ammoniao is cannot be 

expressed % on integral number of the prime fiictors a, x» r. 

We may now inquire whether, seeing this expression of the 
symbol of chloride of ammonium to be impossible on the as¬ 
sumption that tiio symbols of the dementb hydrogon, chloiine, 
and nitrogou ore of the Ibims a, ax^ ^ possible on any 
olhc'r hyixfihoHis to theso symbols, consistent with hno-vm 
i(U‘tH. Now ovcffy possiblo hypothecs as to these symbols oon» 
sistunt with tlicdr expression by an integral number of prime 
&GtQxs in the equations from whidh the symbols ha-ve been 
derived, and with the expression of the symbol of hydrogen 
by ono prime ihotor, «, is, as has been shown (See. VIL 
(5) and (8)), implicitly contained in the general fonns of 
the symbols of oMorine and nitrogmi, which are respectively 
«* *■ ■* and «• ; whence, putting 

se ^n>g^l+»e^+eli^ 

2m sa H + p + ^, 

-3 1 pj, 

. + 1 + yi» , 

and 
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TO = 2 , /) + y = 1 , 

TOj = 1 , Pi =* 1 , 

7»a = 1 , y, s= 1 , 

a ffliniTTinni. 

Ou the hyiwthenis, s= (), y = 1, wo tuwo 

yymhol of chloiiuo eip^\ 
Bymlx)! of uitrogen «V. 


On the hypothesis, p = 1, y = 0, wo have 

Symbol of cUorine 
Symbol of nitrogim «A 


Neither hypothesis is alwolutoly inoonsistout with any known 
laol, for it is possil^lo tiuis to oxpi'oBs the symbols of cIiIoitho 
and nitrogen in evcxy equation into which thoso symbols enter; 
and if it were placed beyond doubt tluit the ime density of 
chloride of ammomum in tho gaseous ooudition woro 12*88, wo 
might thus accept the fact and assort that the factora % and v 
were composite, so that either and v *= «®yj, or x — 

and V ss 4, and our view of the possible sysicui of chemical 
substances, and of tbo laws of combination to which they woro 
subject, would be profoundly modified. I am fivr flrora 1 h)» 
Heving that snoh is tho true solution of this apparent anomaly. 
Suoh a solution, although not absolutely precluded to us, is in 
&e highest degree improbable; and tho fiicts admit of an 
obvious and simple expiation on the hypothesis that cldnrido 
of ammonium is decomposed, at the temperature at wliioh its 
vapour-density is supposed to havo Ijwm taken, into oqmil 
volumes of hydxoolilorio add and ansmonin, of wliidi very satiis- 
foctory evidence has been given.* 

(2.) Again, tho density of tho bmoxide of nilrogou is 14*989, 
as detfflrmined by expoaimeut If this be correct, 2 vohimos of 
binoxide of nitrogen are decomposed into 1 voluiuo of nifa'ogm 
and 1 volume of oxygen; whence, putting the symbol 

of tho binoxide, «»* as the symbol of nitrogen, and g* os tho 
symbol of oxygen, 

and 


2 m =s 1 , 

TOi = 1, 

m, s 1 , . 

* Seo f ebkl, Ann. Ohom. Pbans., yoI, exzhi, p. los. 
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apnd the symbol of the binoside of nitrogen, as es^nressed by the 
factors ee, », g, is . 

K vr& now inq^tiire, as before, whether any hypothesis as to 
the symbols of nitrogen and oxygen can be made which shall be 
consistent with tho fimdamentjJ. assnmption that the symbol of 
hydrogen is expressed by one feotor, we have, putting 
and yj(i+m) as {{lie general symbols of oxygen and nitrogen 
(See. Vn. (2) and (8)), 


2ot = 1 + 2(g’ + p), 

«*i = 1 + S'!* 

% = 1 + Pi. 


Now no positive and integral solution as regards m, q, ondp, 
can bo found whioh shall satisfy the fint of these equations. 
The above equation, thorefore, wliioh expresses tho relation 
wlddr exists botwoon the pondoxablo matter of tho Inuoxide of 
nitrogon and its oloments, is incompatible with the expression 
of tho symbols by an integral number of prime &otors, on the 
assumption that the symbol of hydrogen is «. 

The anomaly in the density of the bmoxide of nitrogen was 
long smoe observed by Laurent and Gerbardt, who dis- 
oovorod tho empirioal law of even numbers. But such has been 
the iiiiluonoo upon the mind of chemists of an arbitrary hypo¬ 
thesis as to tho ooustitution of matter, and of an uncertain 
system of notation, that this anomaly, the most siagular ex- 
<!eption known to tho genoml laws of chemisfey, is even now 
imperfectly reoognisod, and has never yet been submitted to 
any serious or adequate invostigation. 

(3.) Tho following arc the oMof exceptions, real or apparent, 
to tliu law of prime fiactors*. The second column contains the 
symbol, as expressed by tho Actors «, f,....; the third 
column the tompexaturos at which the observation is made; 
column A, the density of the substance, the density of air 
being assumed as 1; column B, the same denrity, the density 
of hydrogen Ireing 1; column 0 contains the denedty as oal- 
cnlatod from tho symbols given m tho first column, 

♦ SeeLaereni’* “ClwaBlcalMethod,”p 81, ’ff»tt8’B‘'Iheaoiuttyof CheaniBtoy,* 
vol i, p. 409; Qerhardt, TrsitS do CSiiittie,” rol i, p. B81, vol. ir, p 897 
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Subsiaace. 


Binoxide of xxiixogcn. 
Peroxide of nitrogen, 

ff ft • 

it If 


NEoreuroue chloride 
Chloride of ammoniiim. 
Bromide of ammonium 
Iodide of ammonium 
Cyanide of ammonium 
Hydrosulphate of ammonia 
Iodide of phosphonium ... 
Pentaehlorido of phosphorua, 


Oxychloride of phonphorus .... 

Sulphide of mercury. 

Perehlorinated methylio ether. < 
Perchlorinated sulphide of mothyl 


Symbol. 

Temp«C. 

A, 

B. 

0. 

ethi 


1-038 

14-880 

15 



1*627 

2S-06() 

23 


97-5 

1-783 

26*740 

ff 


24-5 

2-620 

30-880 

n 


U3 

2-046 

88-184 

ft 



8-36 

120-674 

117*75 


1040 

1-00 

14-44 

13-376 



1-09 

2 <-40 

24-6 

otloihl 

* * 

2*08 

38-77 

30-25 

OCjxlvl 



11-41 

11 




12-86 

12*76 

(AM 


2-77 

38-898 

40*5 

M)} 

182 

6-078 

73-820 

62*126 

ff 

380 

8*060 

62-798 

ft 


• ¥ 

6*40 

6*61 

77-976 

79-684 

70*76 

77*33 


♦ • 

4*07 

67-436 

68*26 



6*08 

82-018 

67*26 


It ■will be seen on inspection of tlio preceding Table that, in 
many instances, the vapoiu’-density, as detomiinocl by experi¬ 
ment, does not sulEoiently agree witli any liypothoHis oven 
remotely proliable. 

Many of those apparent oxcoptions obvionsly admit of a 
similar simple explanation to that w^hich has boon snggowtod in 
the case of chloride of ammonimn. Indeed, it would bo truly 
surprising if in the varied transformations of matter no example 
of such decomposition should occur- In more than one case 
actual evidence of it has been adduced and wlrilo undoubtedly 
it must be allowed that the question is not to be answered by 
theoretical considerations alone, hut that every case of such 
apparent anomaly should be submitted to the most rigid tests 
of experiment, there is every imson to believe tliat the shnj>lo 

weights a, g, 9, -ultimate knowm (joinpononts of 

the units of ponderable matter, and represent a limit to chemical 
decomposition which has not as yet been iiassod- 

The atomic theory may be compared to a sort of “ abfious ’’ 
or simple mechanical instrument which chemists have invented 
to facilitate their calculations. It is useless to pretend that any 
demonstration can bo given of this theoiy, which, at best, can 

* See Playfair and Wanklyn, Jonm. Chemical Society, voL xy, p. 142; 
Rankly a and Bob! u son, ^'On IHfiusioi;^ of Yaponia*' FtoceedingSi Boyal Sodoty, 
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only bo regarded as a possible hypothesis suggested by the 
facts; but nevertheless it has a very real claim upon onr con¬ 
sideration from tho practical advantages which it has afforded 
in tlio study of tho science. Tho atoms of tho chemist fulfil a 
similar pmposo in his calculations to that fulfilled by balls in 
iho estimation of probabilities. They afford a simple and not 
inaccurate image of the subject with which he is concomed, by 
which ho is enabled to reduce his problems to a concrete form, 
and thus at once to realize and to isolate them. To forbid the 
use of such an imago would be to impose a very unnecessary 
restriction upon scientific methods. A ball, as the concrete 
symbol of an indivisible whole, may advantageously represent, 
as occasion requires, a unit of weight, a simple weight, an event. 
We are perfectly free, when it suits our purpose, to make use of 
such conceptions. It is, however, a fatal illusion to mistake the 
suggestions of fancy for tho realities of nature, and such a 
symbol becomes open to serious objootion luilcss we carefully 
^sonminate between conjecturo and fact. Under the baneM 
influonoo of such hypotheses the methods of positive science 
lose their hold upon tho mind, until at length wo arc actually 
informed by the consistent advocates of these ideas that the 
science of chemistry lias no other field for its activity than the 
obscure region of atomic speculations. 

Now a symbolic cjilculus affords the same indispensable aid 
which is given by the atomic theory, but in a more truthful 
and effectual way. In the plaoo of molecules and atoms it offers, 
as tho subject of soiontific contemplation, a system of maaks 
and combinations of loiters, wliiob, however, we are not free to 
arrange and to intorprot according to the dictates of caprice, but 
of which each has a spocifio meaning assigned to it in tho cal¬ 
culus, from wliioh tho laws are deduced according to which it is 
])ermitlod to operate upon it- Wo are thus enabled to construct 
an accurate symbolic representation of the phenomena before us, 
on iho fidelity of which we can rely. Such a system is indeed 
bisotl, in tliemost absolute sense, upon fact, for it presents o^y 
two objects to our consideration, the symbol and the thing 
signified by tho symbol, the olgect of thought and the object of 
sense; and it is not tho least among the advantages which such 
a motliod affords, that through it wo are enabled to disease 
altogotjior with less truthful modes of roprosontation, as no 
longer calculated to serve even a usoftil purpose. 
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Every mark or sigii "wliich wo employ for tho inu*pofiOH of 
thought iH in. a certain sense a symbol, and in their adutd systi'in 
of choinicsd notation, chemists aro ah'oacly in posHOHsioii of an 
impoifoet hymboHc method. It appeared to mo iuex}M>di«‘t»t to 
attempt any intoi'foronco witlr tins mctliod, which has already 
been snhjoct to so m<uiy mo<lifioationM, and wliioli, moi’C'over, 
satisfies certain real demands. T inixst oonfi'ss also that it 
seemed to mo incapable of development, as being destitute of 
those essential oonooplions, in the growth of which the develoj)- 
incut of such a method consists. 

Now it is tho introduction of tho eonw'ption of ehemieal 
operations, whioli, as lias before boon sahl, especially distin- 
gnishes tliis oaloulns. The symbols here employed aro symbols 
not of quantities (whidi may bo rephw'cd l)y numbers), but of 
operations (wbicU cannot bo thus rop1ac>ed), wbioli are defined 
by their results j and the units of ponderable matter are prima¬ 
rily conceived of in this oalonlns os made up Drum tboir compo¬ 
nent weights by fhe successive pcrfoimanco upon tho unit of 
spaco of the oporatious indicated by the symbols of tboso 
weights. 

It is through this ordei' of conceptions that wo are onablod 
to introdaoe into tho choraical oalcnlus Iho ssero-symhel 1, 
regarded as the symbol of tho unit of spaco, tho subject of 
ohemioal operations, without wlubli symlxil, as will horoaftor be 
stiU mbre clearly evident, the construction of a ohemioal calculus 
would appear to he imposEoble, and the absence of wliieh symbol, 
perhaps more than any other defect, rmuks tho radical import 
footion of the present notation. 

It is moroovor fi*om this point of vl(»w that it has been found 
poBsiblo to assign to tho oomposito symbol .r;/, as tho symbol of 
a compound weight, an oxjwt intorpn'talioii in harmony with 
symbolic analogies, and it is as symlmls of opuration tliat 
chomical symbols have boon proved to possess tlio proporlies 
given in the equations 

xy = yx, 

% +yi) == jy + «'y,. 

•ny = « + .y> 

which afford an adequate basis for a symbolic motliod, and 
enable us to apply to thoso symbols those alg(jbvaio iweosses 
through wbidii symbols become an mstraiuont of reasoning. 
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But fiui;her, symbols of this class afiordtlie most real and tbe 
most obvious expression of the facts vrith which the chemist 
deals. That such opei’atious as are here indicated are tho 
primaxy and immediate object of his study, and therefore the 
most essential particular to be embodied in the symbol, has been 
ah’oady, to a certain extent, recognised by more than one 
mfistcr of tlio science, adverse to the atomic mode of representa¬ 
tion. Thus Gcrhardt, in the i*emartable words which I have 
placed as a fitting motto to this paper, thus defines the object 
of a cliemical formula:—Les formules chimiques, comme nous 
Tavons dit, no sont pas destinees k repr^sentcr Tarrangement 
dcs atomes, mais elles ont pour but de rendre 6videntes, de la 
manifere la plus simple ot la plus oxacte, les relations qui rat- 
tacliontlos corps ontro eux sous le rapport des transformations.’'* 
Now if tlxis be the object of a formula, how unreasonable is 
it to attempt the expression of that fonoula by symbols which 
not only ponnit, but even compel us to regard it from the 
atomic point of view. We cannot adopt the atomic symbol and 
at the same time declare ourselves free from the atomic doc¬ 
trines. The symbols which ai'e here employed impose no such 
limitation upon our view. They are simply the symbols of the 
operations, fi'om whatever point of view those operations may 
be regarded, by which chemical transformations are effected. 
In tho symbol of the unit of water af, we assert an indisputable 
fact as to the operations by which that unit is composed and 
decomposed in tho actual system of chemical transformations. 
Tho symbol assei-ts that tbe unit of water is composed by 
two indivisible operationH—^indivisible, that is, so far as our 
experience extends—operating successively upon tho units of 
space, which are known to us through their results and are 
dofinod by thoir results. Again, we assort that the units of 
ccrhriu other substances are similarly composed, tho units of 
hydrochloric acid and of hydrosulphm’io acid, for example, of 
which ax and ad are the symbols, and that in this respect these 
substances are similar to water. Or, again, we say that the 
units of hydi*ogeu, of water, and of peroxide of hydrogen are 
connected by a certain semi relation between the operations 
by which they are composed which is given by the interpreta-^ 
tion of tho symbols a, af, and that this relation is similar to 
that which exists between the units of hydrogen, hydrochloric 
" * Ohimie OrganlqiM, Paria, 1866, Tol. iv, p. 666* 
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acid, and chlorine, et, Now tliofle ar<^ thofio very rola- 

tions “ qiii ratt«ic*lu‘ii1 loH oorjm eniro otiK Hons lo ra])])ori <lott 
trauHfonnatioDH,” which (jorhar<li (liH(‘ovned io l>o tho tmo 
object of sj'inbolic oxin’cHHioii, Imi which arc not iiuli(‘aic<l, 
except accidouially, by onr proHont RyHitnn, which iw kiHcd upon 
a (Hfferoni orclci* oH idoaH. 

But thoro is another aspect of iho hcicuco (equally real with 
that in which Gcrliardt rej 2 fardod it, cand which ho dcelinod to 
consider. Surely wo may bo permitted to ask with Dalton, 
not only ])y what operations water is composed, but what waier 
is? Wlint is the mxturo of ponderahlo matter as revealed to us 
by the sciom^o of cliomistiy ? To this inquiry also, in the only 
form in wliich such an inquiry is r<ial and intelligible, the 
symbol supplies an answer. This answer is given by intc^rprot- 
ing the symbol with rofcrenco to the results of the operations. 
The unit of water (Sea I,, l)e£ 10), wo may reply to snch a 
question, is an integral compound weight (Sec. I,, Dcf. 7) of 
which the whole is identical with the two simple weights (Sec. 
L, Def. 8) flt and f of Section VIL, wliich wo rocogiii/iO as siinplo 
weights, from the fact.tliat in the total system of chemical 
transformation these weights are not distiibuiod (Seo. I., Def. 
12). The science of chemistry wo may add, affords no further 
iufbrmation whatever as to the composition of water than that 
which is comprised in this asseidion, which is not only the true, 
but the only real forai of answer which it is possible to give 
to inquiries as to the chemical composition of poiuh'vabh^ 
matter. There is no difference whatever, as regards facts, 
betwoen this and the preceding statement; the difforouco lies 
in the way in which the facts are regarded. From the former 
point of view wo consider the operations, from Ihc^ laii(‘V ihe 
result of the operations. The symbols of goomctiy liav(^ a 
similar double interpretation. They may bc‘ regank^d, with 
equal truth, as the symbols of linos and snrfa<‘(^H, or of lh<‘ 
operations by which lines and surfaces are gonoralod. 

A symbol, however, should be something nioi'o than a con¬ 
venient and compendious expression of facts. It is, hi ihe 
strictest sense, an instrument for the discovery of facts, and is 
of value mainly with reference to this ond, hy its adaptation to 
which it is to be judged. Now in the present paper I have con¬ 
sidered not only the principles of the chemical cdculus, as rogar<Is 
the formal construction of symbols^-but also the primary 
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cation of those principles to tho oonstmction of a special 
symbolic system. In the symbol of each chemical substance a 
distinct assmtion is made as to the chemical properties of the 
substance, wHch any one is at liberty to test by an appeal to 
facts. Now as no symboKo system similar to the present has 
yet been devised, and as this system cannot be deduced from 
any existing system, every symbol not only makes an assertion 
but expresses a discovery as to the chemical properties of the 
substance symbolized. It is obvious, from the way in which 
tho symbol is constructed, that the properties symbolized are 
tho proporlies of that system of chemical equations into which 
the symbols outer, and from which the laws of the science are 
to bo deduced. The further development of these ideas must 
bo rcsoiTcd for miother communication, in winch tlie nature of 
tho numerical laws which are thus expressed will be more folly 
considered. 

Wo may also regard tho symbolic system os the expression, 
in tho language of reason, of those conceptions as to the com*^ 
position of pondemblo matter to which we are inevitably 
brought by the contemplation of chemical phenomena. Our 
conclusions on this point are so remarkable, and so contrary to 
anticipation, that dotibtless we could never imst them but for 
the simple and exact process by which they are deduced. Now 
the conceptions which we form of the nature of the elemental 
bodies constitute tlie fundamental theory of the science, for 
those conceptions comprise and determine every similar conoop¬ 
tion. Tho unit of tho olomont liydrogon is hero conceived of 
as a simple weight, and symbolized by tho letter a. That, to 
say Uio least, ihis view may bo])ermittcd is proved by construct¬ 
ing tho symbols of c]iomi<»al substtvneos upon this hypothesis. 
Thei^e arc, however, certain exceptions, bo they real or apparent, 
in which this mode of expression is impossible, and it will be 
sooji on roforeuco to the table of exceptions (Sec. VIII. (4)), 
that this hypotliosis rejects as imidmissible, not only the oases 
wlnoli are rejected by tho atomic theory, but those also which 
are rejected by the emphical law of even numbers (p. 378). 
Tho symbolic system which is here given is the expression of 
those laws, by the truth of which it must stand or fell The 
unit of tho olement mercury, and the units of several other 
metals, such as zano, cadmium, and tin, so tar as our imperfect 
oxperionoe extends, appear to be analogous in this respect to 

2 Xi 2 



464 


BRODIB ON THE CALCULUS 


hydrogen. But those are the only olomonts of this simple com¬ 
position. The uiiils of a second group, of ‘which the cdoineiit 
oxygen, symbolized as maybe taken as a iyi)e, <uid io which 
belong sulphur, and solonium, art^ composed of two iden¬ 
tical simple weighlt-, and llio facts of Ihe bcience do not permit 
us to assume thes^' imits as otlierwisc composed. Lastly, 
anotlier gi’oup of elements appears in this system of a diflerent 
and more complex composition, to which group bidoug the 
elements chlorine bromine iodine a«j“, nitiogen av®, 
phosphorus arsenic and in all probability nmnorous 

other olomonts. The siiuidcst view which, consistently with the 
ftmdmnental hypothesis (Sec. VII., Group 1 (1)), can bo laltcn 
of tlio composition of these olemouts, regard being diad to the 
total system of chemical combinations, is that they are severally 
composed of a unit of hydrogen and of two identical simple 
weights, as, for example, in the case of chlorine, of the simple 
weight fit and two of the simple weights symbolized by X 9 that 
the elements of this group are to be confeidered as combinations 
of elements of the two previous foinis respectively. It is further 
found, as a matter of experience, that the unit of evc‘ry chemical 
substance maybe regarded as a combination of the same simple 
weights, a, g, X, tu, V, •..which are the component weights 
of the units of the elements. Now Iroin the fundamental CMjua- 
tiou + y, 

= « + 2x, 

as + 4f, 


whence we ■onavoKlably have enf^gostod to ns ah the nliiiniito 
ori^ of onr actnal systeiu of uombiuationH, and aa nflbrding 
an adequate and probable (douMoss wo caiuiol say the (aily 
possible or conceivable) explanation of the peculiar pluMiouKMia 
there presented to us, a group of olemeuts f, i, /S,«, k, p,.... 
of the donsitdos indicated by these symbols, and wbioli, though 
now revealed to us through the numerical properties of dioinical 
equations only as “implicit and dependent cxiplonces,” wc 
cannot but surmise may some (hiy become, or may in the psist 
have been, “isolated and independent oxisloncos." Examples 
of these simple monad forms of material being are preserved 
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to tis ill such elemonts as hydrogen and mercury, which appear 
ill the chemical system, as records suggestive of a state of 
things diffcrc^nt from Uiat which actually prevails, but which 
has passed away, and wLicli we are unable to restore. 

Such a hypothesis is not precluded to us, but nevertheless 
we are not to imagine that it is a necessary inference from the 
facts. So far as the principles or conclusions of this method 
arc concerned, the “ bimple weights ” fl, ^8, co, v, <p,... may 
be treated purely as “ideal ” existences created and called into 
being to satisfy the demands of the intellect, to enable us to 
reason and to tliiuk in reference to chemical phenomena, but 
destined to vanish from the scene when their purpose has been 
served; and the existence of which as external realities we 
neither assume nor deny. 
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XLL —On jPamJin and tJie j)i*oducts of its Oxidation, 

By C. n. Gill and Ed. Mbusbl. 

Q?HB paitiiHii used in ibis rosoarch wns obtoiiied from MoBara. 
Price. It had a molting point of 56° C., bnt by repoatod 
crystalliaation from oai'bouio diunljdiido the moiling point was 
KUBod to 60° and over. It was, therefore, a mixtm-e of variouw 
hydrooarbona. By analysis it gave:— 

<X 85*5 per cent. 

H. U'9 „ 

As it did not seem to bo qmto sottlod wliotlior pavivftui is a 
marsh, gas or an olofrao, •we endoavonred to cloiir np this point 
by tho follo'vnng experiments;— 

Paraffin digested -with Nordhansen sulphuric acid blackens 
even in the cold, but gives no soluble baryta-ssiJt. “When 
treated "with English acid of ordinary strength, it bebaves in a 
similar manner. With oil of vitriol dilated -with ono-fifth its 
bulk of •water, it blackens slightly on being heated to 60®— 
80° 0. for seventeen days, but still gives no soluble barytsj-salt. 

Sealed up in long tubes with hydrochloric acid gas, and 
heated to temperatuios varying from 50°—100° 0. for mtcj-vals 
of li hour to 15 days, it undergoes ho change of melting point, 
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ami absorbs none of the gas. Aqueous solution of hydrochloTic 
acid is liko^vise without effect. 

Wlion heated or exposed to sunlight in contact with bromine 
and water, it becomes soft at the same Ume that the bromine 
di&appeai-s. Ilowover, all the bromine which enters into the 
parafSn does so by replacing hydrogen, none combining directly, 
as is shown by the following experiment:— 

About 4 grms. paraffin and 14 gnus, water were scaled up 
with 2*518 grms. bromine, and the whole was exposed to sun- 
light for three days, by wliich time the bromine had all disap¬ 
peared, a very white soft product being left. The tube was 
opened and the bromine estimated, in the form of hydrobromic 
acid, by a standard solution of soda. The bromine so found 

was 1*26 grms., wliich is sensibly equal to = 1*259. 

A 

Therefore neither bromine nor hydrobromic acid had combined 
clh-octly. 

Paraffin in a state of &ie division was treated in the cold and 
at tomperatm*es above its melting point with solutions of hypo- 
chlorous acid, of strength varying from 2 to 4 per cent. It 
nndorwont no alteration of molting point, nor could any action 
bo observed. Ceteno ^16 ®-32» as described by Carius, combines 
witli bypochlorous acid, with evolution of heat. Prom thoso 
expoiiraents, together -with the fact that paraffin ocem-s in 
mineral oils not known to contain any hydrocarbons of the 
formula 0^ we conclude that paraffin is a marsh-gas and 
not an olefine. 

Paraffin resists 1 ho action of most oxidizing agents, but yields 
to nitric and to chroiuio adds. 

Ou idafion hj Chromic Acid* 

300 io 500 gims. of paaviffin were placed in each of tlrreo 
large boHlioa<ls, and wore boiled with 120 grms. potassio di- 
ohromato, and 180 gims. of sulphmio acid diluted with twice 
its volume of water. A small quantity of manganese dioxide 
was added to each flask to expedite the reaotion, which it does 
to a remarkable extent. After thi’oe or four days’ boiling, the 
chromic add was completely reduced. The cakes on its sur&ce 

were woU washed and then boiled with a very dilute solution 

• 

* Ann. CSh. Pham., cxxrii, 196* 
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of carbonate of soda. By this moaus a taroamy liqiTitl containing 
soap and parafliu, and a floating layei* of imoltorod paraffin ■wore 
obtained. Tho lower Hqnid separated iroin the layer of paraffln 
was raised to tho boiling point, and mixed with nearly its own 
bnlfc of spirit of 88 per cent., wliidi caused the separation of tho 
suspended pai'affin. After cooling, the paraffin was removed 
from the surface of the alcoholic liquid; the latter, which had 
gelatinized, was strained tlu’ough linen 5 and the solid portions 
were snbniittod to strong pressm-o. 

Tho solid soap so prepared contaiuod auids melting at OS" 0., 
while that in tlio liqrad gnvo acids melting at 40° C. 

By ro-oiystallisation of tho hard soda soaps from weak 
alcohol, tho molting point of tho coutainod acids was msod to 
65® C., when, suspecHang the presoneo of somo very high acid, wo 
converted tho whole into load salts, and repeatedly exlianstod 
these with strong boiling alcohol. A considerable portion of 
them dissolved; but some remained, and, after decomposition, 
gave acids molting at 74—75° 0.; tliese, by many times repeated 
mystallisation firom alcohol and ether, at last attiunod a oonstimt 
melting point at 78° C., and were not then to ho distinguished 
from pure eerotio aoid prepared, for purposes of oompaarison, from 
Chinese wax. 

A portion was converted into a sUvor salt by the process 
reixnomended by Brodie,* then dried, weighed, and ignited— 

(>*1558 grmSk of salt givve 

0*873 ffhm, idlvar, tmt k S(ytl pet ^t. 

A portion of another {xrepaxaiion of the silver salt 'vtras Inymed 
in a current of oxygen, and the following results wore ob¬ 
tained:— 

0*2179 gnus, substauco gave 
0*1988 „ oarbonio add 

0*2622 „ water 

0*456 „ silver. 

By allowing two atoms of oxygen for each atom of silver, we 
0*0135 gms. of oxygen. 

These nnmbara correspond to the percentages given below in 
tahSe^ which also shows the p^Nreentages required by the 
higher and lower homologuo of cerotic add:— 

* HtlL Vnaa. for 1848. 
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OsfiHsiAgOj. 

O^^HnAgO,. 

Caleiilated. 

Brodie. 

Found. 

^tsAuAgOg. 

0 .. 

62*02 

62*66 

62-5 

62*36 

63*27 

H .. 

10*01 

1025 


10*31 

10*37 

Ag.. 

21*46 

20*9 

20*69 

20*92 

20*34 

0 .. 

— 

6*19 

— 

6*21 

— 

The 

add was 

therefore 

oerotio acid. 

In addition to this 


oeroiio add, there •was a great nnmher of the lower adds of the 
same series, some solid and others liquid and volatile; of these 
latter, aootic add was the most abundant. 

Oaddcelion by Nttrie Acid. 

Pai'afiin, as is well known, is powerfully attacked by strong 
ninic add, •with ultimate forma'tion of sucdoio add, as pointed 
out by Hofstadter.* When, however, the action is regulated 
by using a more dilate add, the result is different. 

About a kdogranune of paraffin divided into three portions was 
boiled with five or six times its volume of oommerehd nittio add, 
of sp. gr. 1*3, diluted with 1^ volume of water. The action, at 
first imperceptible, gradually became stronger, red fumes were 
evolved, and an odour like that of butyric add developed itselfi 
The action was continued till the paraffin was deddedly soft 
when cold. The three cakes thus obtained were washed out 
•with dilute alkali, and the paraffin loft was again treated with 
nitiic add, and so on, till a suffident quantity of oiude soaps 
was obtained on which to work. Those were all boiled with 
water, and alcohol was then added, as before described, fi>r the 
polpose of separating suspended paraffin. The soaps whidh 
rrtystallised out of the alcoholic liquid were, after strong pres* 
sure, again and again otystalHsod from dilute spirit, till they 
gave adds melting at 36° 0. 

These adds were very brown; we therefore distilled them in 
a curreut of superheated steam, wherel^ their melting point 
was raised to 64*^ 0., and 'tiieir colour was mitirely removed. 
They were then converted into lead soaps, as those procured 
firom the chromic acid process of oxidation; only the final cry¬ 
stallisation firom alcohol and ether was not continued after tho 
molting point had been raised to 76°C. 

* Amt. 0&. Fham, xsi, 8iS, 
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A portion of iliis still iinptiro acid was convortod into a silver 
salt, -whicli was foiuid to contain 22*01 por cciii. silver. The 
add Tisod was therefore probably oorotio add, oonlainiiig a 
portion of some lower acid, as its nieltinf^ point indicated. 

As oorotio add had beci\ proved to be tho product of tho 
oxidation of paKvffin by clu-omic add, wo did not doom it worth 
while to attempt tho fin*thor purification of this portion, our 
point being establitJiod. 

A large quantity of tho lower adds of tho same sorios was 
obtained at tho same time as tlio oorotio add, including among 
the lower terms, acetic, butyric, valoranic, and ccnanthylio adds, 
which were separated in the ordinary way by firaotional satura¬ 
tion Olid distillation, then converted into silver salts, and the 
perooutage of sflver in each salt determined. Wo wislr to 
remark &at cmronthylio add was present in oonsiderablo 
quautiiy. 

Tho nitric nddwhidi had been used for uxidisiug tho X)aratliu 
was found to ooutain some bodies in solution. It was sub¬ 
mitted to distiUatiuu, when a strong odom* of pinibsic add was 
noticed. Tho ijrescnco of this body was then proved ly dis¬ 
tilling it out at a very low tomi)eratui*o into water, and apply¬ 
ing tlxo ordinary tests. As tho nitric add bocamo more 
ooncontratod, another reaction set in; wo therefore stoixpod tho 
distillation, neutralized the roimtining arid with soda, and added 
solution of basic nitrate of load, till no fnrthor predpitato could 
bo obtained. The predpitato thus produced, gave, on decom¬ 
position by sulphuretted hydrogen, au add melting at 117® 0., 
Ibrraiug soluble salts with sodium, potasdum, and ammonium, 
and insoluble ones witli silver, iron, load, and harima, in pro- 
Bcnoe of ammonia and alcohol. Ilnu tlxo barium salt ])ro- 
miiied an easy moans of soxxarating tho add or tuuds; but wo 
foxmd that it was impossible to romove tho barium completely 
by snlphm.'io add, as aix add barium salt was dways foimocl, 
wlxich was not deconxposed ly dilute sul^xhuric »xoi(b Wo 
therefore predpitated the adds as ferric salts ly a solution of 
ferric ohloiido, then extracted them by boiling with anxmorxitv, 
concentrated the liquid, and threw down tho odds with nitric 
add. They had a melting point of 106® C. They were treated 
by Arppe’s process* (dightly modified) four times, whereby 
we obtained two adds, the one nearly pure sueduio add, mdt- 
* Attn. coodr, p. 86. 
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ing at 172® C., and giving a silver salt vritli 63'4 per cent, of 
silver (succinic acid melts at 180°, and gives a silvor salt -mth 
64 per cent, of silver); the otlier, anchoio add, mdting at 117° 
—118° 0., and giving the foUovnng numbers on combustion:— 

O'lOSl gr. substance gave 0‘4021 gr. of carbonic add and 
0*1451 gr. water, 

oorxe^onding to th.6 porcontages given in tbe following table:— 



Sebaeie. 

Aaehoie. 

Oalculated. 

Buckton. 

Pound. 

Suberic. 

Calculated. 

c .. 

59*4 

67*44 

57*02 

57*1 

56*17 

H .. 

8*91 

8*51 

8*68 

8*38 

8*04 


A silver salt yioldod 

from 0*1186 gr. substance, 0*0686 Ag. =: 53*62 per cent. 

Ag. (theoretical percentage, 53*3). 

These numbers, as,will be seen, agree doselytnth those 
given by Buckton,*and the properties of the acid are identical 
■with those given by Buckton for anchoic add. 

We regard this add as being a product of tho oxidation of 
the cerotic add previously formed from the paraffin. 

Commerdal nitric add diluted with four times its volume of 
water acts very slowly on paraffin, but forms, in tlie course of 
twelve days’ boiling, a smtdl quantity of a fatiy add, which can 
readily bo purified so fiir as to melt at 73® C. Wo were not able 
to obsorvo tiro simultaneous formation of any other product 
oitlrer among tho Ubasio adds or tho vulatilo monobasic onos, 
neither was tiroro any prussic add formed. 

From the results of our ertporimonts, above detailed, we oon- 
dudu tlrat paraffin is a mixture of hydrocarbons homologous 
-with mm'sh-gos, some of which have a carbon condensation of 
not less than C„. 

These oxporimonts were oanied out in the laboratory of 
Univorsity College, London. 

* CUeia. Soc. Joum., rot x, p. 187. * 
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XTiTT - —On the IlydridA of Butyro^nalieyl mid, Butyvio Coumaru' 

A cut 

By W. n. Perkin, F.RS. 

In a previous communication* it has been shown that in the 
formation of coumaiin, by moans of acetic auhyclride and 
hydride of sodium-salioyl, the fest product of the reaction is 
the liydride of acoto-salhyl, and that this body is subsequently 
transformed into couinarin by the soi)aratiou of a nioletmlo of 
water. Having obtained homologiics of (iouniorin by substi¬ 
tuting other anhydrides for Uie acetic, it aj)poarod desirable to 
follow up tho changes winch take place in the formation of one 
of these now producis, and at tho same time to fdrtlxer esta¬ 
blish its relationship to ordinary coumarin by the juodaction 
of a new coumaric acid. 1 have therefore investigated tho 
changes which tako place in tho formation of butyxic coumarin 
and its corresponding acid. 

Hydride of lintyr<h»(dieyL 

A solution of butyric anliydrido in anhydrous other is left in 
contact with hydride of sodium-salicyl for two or thr<‘e days, 
the reagents being used in equivalent quantities. Tho ethereal 
solution is thon filtered oflf from tho butyrate of sodium formed, 
and agihited with a small quantity of a dilute solution of oai'- 
bonate of sodium. It is tluui (bnod over anhydrous carbonate 
of sodium ami disrilled. Afh'i* tho other has passed over, tho 
tempevaixirc gradually rist^s, but no very steady l)oiliug point 
is observed; the prin<'i])alproduct howev<*r comes over at about 
2(50®—270* 0., ajxd is colU*oted a]>art. ''fJxn'o ci)mbtisti()ns of this 
body gave tho following munbers:— 

L *1925 of substimeo gave 
•4835 of COg, and 
•1096 of H^O. 

II. *2002 of substance gave 
•5026 ofCO^, and 
•1116 of HgO. 

* Vol.vi;p.l81. 
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in. *2508 of substance gave 
*6289 of COjp aaid 
•1392 of HjO. 

Tliese results give percentages agreeing -withi the formula, 

^11^13^3 ” HCyH4(C4Hy0)02, 
as the following comparisons show:— 




Theory. 


lizperimeni. 





i. 

IT 

III. 

Cu .. 

. 132 

68-75 

68-50 

68-46 

68-38 

H,,.. 

. 12 

6-25 

6-32 

6-19 

6-16 

0, ., 

_ 48 

2500 

— 

— 

— 


192 

100-00 





Tho product therefore represents tlie hydride of salicyl, with 
an equivalent of hydrogen replaced by butyryl, its funnatiun 
being analogous to that of the hydride of aceto-ealioyl. 



Ftydiide of sodium- Butyric Hydride of Bn^ynteof 

sslioyl. anhydride. hni^ro-salic^l sodiom. 


Tire hydride of butyro-salicyl is an oil boiling at about 260®— 
270* C. It has a blighlly butyric odour mixed with tliat of the 
hythide of salicyh li is soluble in all proportions iir alcohol 
and ether. 

Witli bisulphite it appears to decompose into butyric acid and 
hydride of saUoyl, tho latter combining with the bisulpluie. 

A strong solution of hydrate of potnssiiun dooomposes it 
iimnudiately, forming a solid mass of tho hydride of poiassiura- 
salicyl and butyrate of pobihsium; this decomposition is attended 
with a eons^erable elevation of temperature. 

Acetic Anhydride and Hydride ’of Bntyrosodicyl 

A mixture of the hydride of butyro-8aH<^l and acetic anlry- 
drido, when heated in a sealed tube to 140® or 150® C. for a few 
hours, becomes slightly brown. On opening the tube and 
leaving* the prodrrot in cbntaot with water for a day or two. 






474 


PBKB3N ON 3aTDKIDB OF BOTIRO-SAlJCnnj 


crystcils separate; those, ■when pressed beiweoii bibuloiis papei*, 
and -twice crystallised fi-om alcohol, gave the follo'wing ntunbors 
on analysis:— 

*2094 of snbstanoc gave— 

•4524 of CaOa, 

•1057 of HaO. 

These results give numbers oorresponcling-with tlioso required 
by the formiila 


as the follo'wing comparisons will show ^ 



Thooiy. 

Espniment. 

156 

68^4 

58-92 

14 

6-26 

5-60 

96 

36-10 

— 

266 

100-00 



This formula is that of tlio compound of the hydride of aoeto> 
saHoyl and acetic anhydride. Its identity-was eouilnnod by the 
determination of its molting point. 

In the formation of this product the radical butyryl has boon 
roplaood by acetyl, a mixed anhydride beiug probably formed 
at tho samo time, thus— 



Ufdrldoofimijrro* Aeotic Bydrido or ae«to. 8 a 11 ( 7 l and Aoolo-lmtyrio 
nlioyl. uxliydtido. ausUo anhydrido. oafaydrido. 


FomwMon (sf Bidyvio Commm fwtm Hydride of Butyro* 

aalicyl. 

Hydride of butyro-salicyl when distilled alono’ does not 
appear to yield a coumarin, but if boiled with a mixture of 
butyric anhydride and butyrate of sodium for a short ■time, 
wadied from saline matter -with water, and then distiUod, tho 
last third of the distillato -will be found to solidify on cooling. 
This solid product, when separated from oily matter 1^ pressuro 
tbeir^teen bibulous paper and then ofystallised from alcohol, is 
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foTUid to be prare butyric coumariu, possessing the oorreot molt¬ 
ing point and dmraoteristic odour. 

The formation of this body is therefore perfectly analogous 
to that of ordinary coumarin. 

3i£tyt'io Comiarie Acid. 

Butyric coumarin dissolyes in boiling aqueous hydrate of 
potassium. Upon evaporating this solution, an oily layer forms, 
and if the liquid be then aUovred to cool, this oily compound 
becomes a hard, tenacious mass, firom which the alkaline solu¬ 
tion may be easily decanted. This product is apparently a 
compotmd of one molecule of coumariu with one of hydrate of 
potassium, and is therefore isomeric with the potassium salt of 
a butyric comuaric acid. On heating this body in a dish, it fiisos 
and boils up; it then becomes more pasty and firothy, and soon 
breaks up into soft masses. 

This fused product is perfectly soluble in water, and on tire 
addition of hydrochloric acid to its solution, it becomes a pure 
white mass of minute crystals. To sepaocate any unchanged 
butyric coumarin from this product, it was dissolved in a little 
ammonia, filtered, tlu'own down with add, wadied well with 
water, and dried. Thus obtaiacd it still contains a small quan¬ 
tity of butyric coumarin. This is easily separated by digestion 
with cUoroform, in which the now body is very difficultly soluble. 
It is then ftirthor purified by crystallisation from diluto alcohol. 
A combustion of a spocimon dried at 100°C, gave the following 
numl)ers;— 

•1819 of substjuioo gave— 

•455(5 of COj, and 
•1068 of HaO. 

Thoso numbers give percentages agreeing with the for¬ 
mula— 

CrrllA 

as the following comparisons will show:— 

Theozj. Expeximexxt. 

C,i...... 132 68-75 68-30 

!!„.... 12 6-25 6-46 

Og. 48 26*00 — 


192 


100-00 
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This product is evidently butyric coumaric acid, the third ot 
the series. 

Cg Hg O 3 conmarie aoid. 

CjgHjgOj propionio eounoaric acid (not known). 

CiiHigOg butyric eonmiaic acid. 

It is also isomorio with the hydride of butyro-ssxlicyl. 

Butyric coumaric acid crystallises in flat prisms, liaving a 
brilliaut lusti'e. It ftises at about 174® C., but undergoes slight 
decomposition at that temperature. It is extremely sohiblo 
in alcohol and other, but difficultly so in water and oldoroform. 
It does not cohnur the solutious of Iho pci'Siilis of iron. It is 
but feebly acid in its diaractui-s, but will decompose a boiling 
solution of carbonate of sodium with ofForvoseonco. 

Like ordinary coumaric acid, it forms only monometallic 
derivatives. 

Sodimi salt .—This body is prepared by boiling the acid with 
a solution of carbouulc of sodium, keeping the aoid in excess. 
The solution is then allowed to stand for a day, flltorud, and 
evaporated. It is a crystalline aixd very soluble salt. 

Silver salt .—solution of the sodimn salt gives a pale yellow 
precipitate with nitrate of silver; this, however, suddenly 
changes, becoming nearly white and crystalline. It is slightly 
soluUo in water, and also in the above sodimn salt. It requires 
oorofiil drying for analysis, as it is apt to blackou at 100 *’ ( 1 ., 
whilst a lower temperature does not appear to be sufficient for 
its complete desicoation. It gave the following results upon 
niudysis:— 

L '2012 of sTibstanoo gave— 

•3235 of COg, 

•0706 of HgO, and 
•0733 of Ag. 

IL ■1338 of substance gave— 

•0480 of Ag. 

These numbers give percentages agreeing witli the for¬ 
mula— 

C„H„Ag 03 , 

as the following comparisons wilt show:— ' 
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Tliooty. 

Ezperimoat. 

... 

... 132 

44-14 

I. 

43-85 

'll. 

H,, ... 

... 11 

3-68 

3-89 


Ag ... 

... 108 

36-12 

36-43 

35-87 

O3. 

... 48 

16-06 

— 

— 


299 

100-00 




Ainmonium Saif ,—coumarie acid dissolves easily in 
aimnonia, but tlie resulting solution when evaporated decom- 
}>oses, leaving nothing but the acid behind. 

Prom those results there cannot be any doubt, I think, that 
the new couuiarins are really true houiologues of the natural 
body. 


XLIJL—“On the VttjH>m’-2hishn of Formate oj Fthyl mid of 

AoetaU of Methyl 

By W. Dittmar. 

By the experinienial and speculative labours of H. Kopp, wo 
have been made acquainted with a number of regularities 
regaj ding the coiTclatiou of chomical fjomposition and boiling 
]ioiut in carbon-oompouiids, Tliese reguLirilii^s,although liable to 
(‘X(vj)tknjs, and in nvuiy cases only approximately in accordance 
wiili observaiion, clearly show that ilu^ (‘ouahiuts dotormining 
tin* intcr(U*j)emlenco, in those compounds, of iomperutnre and 
vapouMeusion, luuht bo depondont on, and doducjible from, the 
atomuj constitulioJi of the molecule. It wdll take an enomions 
aimnuif of (experimental data, sudi as can only be furnished by 
the co-o})eration of a great number of iuvtstigaiors, before an 
approach tow*irds the discovery of tlio great law expressing the 
<H>iTelatiou of (diomical coustittiiion, temperature, and vapour- 
ieJ\sion will bo possible. But chemists siiould not shrink from 
trying to accumulate these experimental data, the less so, as oven 
a mero empirical knowledge of the tension-curves of a consideiv 
a))le number of compounds would bo invaluable as a means for 
cliaraoterising them, and thus place in our hands a most powoi’^ 
lul instrument of research. ^ 

VOL. XXT. 2 M 
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Amongst the (lifiToronl boiling-point rogiilarilios pointed out 
by Kopp, there is one wliieh, it seomcMl to me, might perha])s, at 
the expense of compfiratively little expt*rimental work, be 
expanded into a proposition regar<ling Ihe depeudonco of vapotuv 
tciibion generally, on chemical constituliou. 

Wo know that in the homologous scries of ctliers, formed by 
the miion of fatty ahmhols and tatty acids, a differonco of 
M X CHg in the molecules of two tenns corresponds to n x a 
constant difToronce in the boiling points, and that consequently 
any two or inoro inotanierie ethers of the group must have the 
smne hoiling-point. IIon<‘o it would appear that the teusion- 
curv(»s of e<ich group of niotamerio ctluTS have at least one 
point in common, and that, in case of all groups, this point 
always corresponds to the amdemtally chosen pressure of 760 
mm. It is certainly not going beyond the legitimate limits of 
induction to conjeexuro that, possibly, ea(‘h sueli group has only 
one common tension-curve. In order to test this hypothesis, I 
decided ujion undertaking a comparison, within a certain range 
of tempci’aturos, of the tensions of the best known metamorio 
others of this series, namely, of fonnato of ethyl and of 
acetate of methyl. 

I have mado two independent series of com¬ 
parisons, employing in both of them methods 
whidi were in piinoiplo the same as Magnus’s, 
only simplified so as to bring them within roach 
of my resources. 

Fim Senee* 

In tlieso cxperim<‘nis, which wore finished 
about a year ago, the following apparatus was 
nsod:-—A U-tulns of alK)ut 10 mm. inner 
diameter, was drawn out al a short distance 
from ono end, so as to prodnc(» a nan'ow nook, 
into which was ground a well-fitting glass stop¬ 
per. Each of the limbs was provided with a 
millimetre scale. The U-tuho was placed in a 
vertical position, partly filled with mercury, and 
the levds of the mercury in both limbs were 
read, in order to find out which points in the two 
scales were situated in the same horii^on tal plane. 
More meiwy was now added through a, so as 
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to bring its level in b up to very near the neck. A quan¬ 
tity of formate of ethyl was poured into ft, boiled for a 
short time, and then the stopper was inserted, so as to shut 
up a part of the liquid within the apparatus, and leave 
the rest in the funnel, ft. Some mercury was now poured 
into this funnel, a spiral of steel wire iniroduced, and at last 
the opening closed with a well-fitting cork, so as to press 
the spiral against the top of the stopper, and at the same 
time hermetically close this end of the apparatus. At last 
the greater part of the mercury contained in limb a was taken 
out by means of a pipette. A similar apparatus was charged 
with acetate of methyl, and the open ends of both were connected 
with the same syphon-barometer, a branch off the connecting 
tube heading to a syringe, by means of which it was possible to 
rarefy, or condense, the atmosphere within the apparatus. The 
barometer was made out of a Fvankland’s gas-apparatus, and 
as the ‘‘pressure-tube” of this apparatus was more than 1 metre 
loug, it was possible, by means of it. to measure pressures some¬ 
what exceeding that of the atmosphere. 

To execute the determinations, both U-tul>cs were plunged 
into the same wator-bath (care being taken to make the tubes 
as exactly as possible vortical, and to bring the two ethers into 
close proximity to each other), and exposed to the desired 
temperature. The pressure witlnn the apparatus was, by 
means of the syringe, adjusted so as to produce a convenient 
volume of each vapoxir; the water in the bath continually kept 
in motion by means of a cuiTcnt of carbonic acid; and after the 
tompcTuture had boon kept constant for a sufficient time to 
OMuro equilibrium of temperature, the four levels of merexuy in 
ttxo tl-tube$, and tlxon the two in the barometer, were read off, 
and thus all the data were obfaiinod for ctilculatiixg the tensions of 
both vapours. Before giving the results, I xvill describe the 
methods used for preparing and testing the substances operated 
upon. 

The formate of ethyl was prepared according to Lowig’s 
method, by distilling oxalate of ethyl (1 moL) with dehy¬ 
drated oxalic acid (1 mol.). In this process, the temporarily 
formed ethyl-oxalic add breaks up into 00^ and formate of ethyl. 
The carude formate was purified by washing with water, then 
dehydra4nng with chloride of oiildum, and at last distilling it 
in an apparatus constructed so that the vapours, befoi'e reaching 

2 M 2 
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the coudeiifoor, had to pasft ihrotigli an asccjuliiifi iubo ko})i at 
alxml 5G®C. Tlio distillate was collected in liMctionw, and iho 
fraetions were bO}>arately tested by tilralion with standard 
l)aryla-walt‘r 5 when it turned oui iliai the best IVaeiiou still 
contained about 1 per cent, of impurities. Aflev aji nusnceeHsfiil 
att<^in])t to r(‘iuove the latter, by repeated wasliuig with water 
and diyiug with chloride ol ealchun, it was at last got nd of 
by digestion Avith, and distillation over dehydrated snlpluito of 
copper. The ether thus purified giving, on titration, numbers 
coiTospoudhig to 100 per cent, of real formate, vas c{)nHi(lered 
suflieiently jnircs and used for the tension exiaTJunmis. 

''fo prepare the aretafe of nuifit/ly a kind of purified wood- 
spirit, which at the time was to be had in eoiriinereo, under llui 
name of “ Eschwego’s wood-spin't,” serv(‘d as raw matoriah 
The spirit was first dehydrated by means of lime, and then, 
by distillation with its own weight of dehydrated oxalie aeid, 
changed into crystallino oxalate. The oxalate of methyl was, 
by means of a powerful press, tr<‘e<l from moHiei^liquor, and, 
for further purilicatiou, healed to near its boiling point in a 
cuiTtoii of hy(h‘ogon, wheji, howov<*r, no litpiid distillate was 
obtained. This oxahite was originally intemdod to bo xu^xt 
chfuiged into methyl-alc*ohol, but I soon found out, and availed 
myself ot a prooess for directly convei-tiug it into acetate. If 
glacial acetic ucid and oxalate of methyl are lieated together, 
thoro is scarcely any action obsorvalJo; if, however, a small 
cjuanlity of fuming hydrocUlorio add bo added, a complete 
doul)h‘ decomiiosition takes place, and acjotute of methyl and 
oxalie a<‘i<l are jirodueed, 'rhe following opemndi waa 

ultimately adopted;—KM) giv, of oxalate, 100 gx's. of glacial 
acetic a(*id, 8 rja*. of (m^arly satumtcMl) hydrochloric aeid werc^ 
heated together in an apparalim in whieh the vai)ourM formed 
had, before xmchiug the comUmser, to jiass through an aseending 
tube, placed in an open waleivbath. The intiTiiu^diate (^m- 
densor was first, for a short tiling kept cold, and its tcmpcnir- 
tur© tlxon raised to, and koiil at, about 5()®, so Unit the at‘etato 
distilled over at the rate at which it was formed. The,crude 
acetate was shaken with a solution of acetate of soda (which 
dissolves less of the ether than pure water does) kept in con¬ 
tact with and distilled over recently fused acetate of potash, 
distilled witb. fraolioaal ooudonsstion at 
two# rbe iSrnt fraction of tbe distillate titrated a few 
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tenths less tliau 100 p.c., and was used foi' the tension-deter¬ 
minations. 

The following table gives the results of a series of tension- 
detomiinations oxecnitcd in the manner above described:— 


No of 

1 

Temperature, 

Centigrade. 

Yapour-tcn&iou reduced 
to 16“ 1 


Difference of 

experi- 



/•-o.t 

tempeiature 

corresponding 

ment. 




Formate 

Acetate 


to /. — a. 



f. 

a. 





mm. 

mm. 

mm. 


1 

16 -7 

1741 

165 3 

8-8 

l 0^® 

la 

16 75 

174 5 

166 2 

9-3 

2 

25 0 

237 7 

243'd 

13 8 

1-2 

3 

3a 

28 65 

28 6 

j- 800 8 

282 3 1 

17*7 

18-2 

y 1-6 

4 

38 35 

48.‘;'S 

421-7 ^ 

14-1 


5 

50 1 

070 9 

663 8 

7-1 

03 

6a 

50 6 

080-7 

672-5 

82 

0*3 

6 

$a 

56 ‘8 

66 2 

1 82S'7 

823*8 { 

1*5 

-0*7 

0*06 

0*08 


From these ntxmbers it appears that the tension of the speci¬ 
men of formate always ox<‘codod that of Uie acetate; that from 
the temperature of 10° upwards, the differenco of the tensions 
increased, until it attained a maximum, and then decreased 
ag^dn, so that at 50*2° it became practically = 0. It would 
have been extremely intcTcsting to sets by a few experiments 
at higher teiuperaiureH, whelht^r the tension-curves, from 56° 
upwards, continue to ceiiuido or deviate again* An attempt 
towards this end unfortunately fuilod, and as I had just then to 
lrn,»pond work for some time, I was nt>t in a position to repeat 
the exporimont. 


Secowl Serm. 

Since Regnault has shown to how great an extent the 
vapour-tension of a substance maybe affected by the admixture^ 
of even small quantities of impurities, it would be hasty to 

* The numbers in these two columns can only be considered as rough appxozima- 
tions; see end of memoir. 

f Bei^ecting the numbers in this column, it is to ho remembered that they are 
independent of the manoxneton-mdin^ « 
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apply to tlio ideal amvcd at in (»xi)orimoixtH on 

one set of sp(‘<iincus. In resuiniu^ iny exp(‘nim‘iilH, iherefor(', 
I considen^d it necessary, fust of all, to ]>reparo now spoeimens, 
improving uj)on tlio nielliods of preparation and analysib, so as to 
bring tlio substances as nearly as possible to the siate of td)solute 
2miity. I clu<*£ly direolod my attiaitiou 1o llie titration of 
tlie etlioiR, and tried to give this process a liiglior degree of 
precision than I had previously boon able to attain. The chief 
sources of error in iho analysis of ethers by Jiusins of standard 
alkalies are those introduced:— 

1. By the i)rcsenco of free a( id. 

2. By th<' action of tlio alkalies on glass. 

3. By the uneoriaiTity, in case of weak organic acids, in the 
dotomination of the point of saturation. 

Finding it extremely difficult to koe2» at least the formate ol 
ethyl neutral for any length of lime, 1 tried to find out a j)rocoss 
for dotenniuiug tlie amount of free acid in the olluw, an<l 
learned that this can bo <dFcoted by ni<*ans of a shituhird wolniiou 
of ammouia, containing about i; eq. grammes piT litre. 
Tliis li(iuid acts so slowly ui>on the elln^rs that, in i‘in})loying it, 
it is easy to hit the 2>oint at which the free acid is satmutod, 
and tho oth<T begins to be acted upon. 

Respcoting tho second source of error, it was found that, in 
<»ase of tho two ooini)ounds in question, it can i>ractieally bo 
avoided by effecting tho dooomposition of tho others (with 
alkali) in tho cold. I have satisfied myself that, aftw a few 
hoimC standing, the deoomixmition is quite complete. Qiustio 
baryta and Ho<la act about equally well; tho latter, howevet^ 
was found to offer tliis ndvaiilago, that th(» Hquul, to tho end of 
the titration, reinainc'd peifi»<*tly <*lear, wliil<s in oas(‘ of Ijaryta, 
there was generally a slight prei‘i]>itat(‘ foinn^il, wlni^h carried 
down the litmus, and greatly diminishtMl its siMisihility as an 
indicator of alkalinity. A solution of i)ure soda (made of 
metal) containing about J<'quivalent, in giumnies, per litre, and 
freed from COaby admixture with a slight exet^ss of pure Iwryta, 
was ultimately found to be the most eonvonient shuidard alkali 
for the purpose. 

l&egarding the third source of enw, I ha<l iu> difficulty with 
tfaie fonhate, the point of noutnility being quite sharply defined. 

of the acetate, thero was some degree of juicer- 
not able ontifoly to romovo. In order to 
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reduce the error, hereby iutroduced, to a mmimum, the point of 
saturation was, in each case, determined several times, by succes¬ 
sive addition of measured quantities of standard hydi'oohloiic 
acid and saturation with standard alkali, and the mean of tlie 
results was taken.* 

In the preparation of the formate of ethyl for the new deter¬ 
minations, I first proceeded in the same way as before, with this 
difference only, that the crude formate was, previous to being 
washed with water, first shaken with ammonia, when a small 
quantity of oxamide separated out. The washed ether was 
dried, first with chloride of calcium, then with dehydrated 
sulphate of copper, distilled with partial condensation at 55®— 
66®, and collected in four fi-actions. Fractions I and III, when 
analysed by titration witli baryta, gave numbers corresponding 
to, respectively:— 

1. III. 

98*5 99*86 per cent, of real formate. 

On titration with ammonia it was found tliat, while firaotion 
I. contained only a trace of free acid, fraction HI. contained a 
quantity corresponding to 1*4 p. c. of (decomposed) formate, 
so that in reality it was not any more pure than fraction I. 

Seeing the impossibility of removing, by mere washing with 
water, the last tiaces of impurities, I tried to get rid of them 
by means of concentrated sulphuric acid. The ether was 
cautiously mixed with about one-fifth of its volume of distilled 
sul])hurio aciil, and the mixture was distilled from a paraflin batli 
at a lempi'ratuiv b«Jow 100®, The strongly acid distillate was 
treated with recently fused formate of potash and again dis-- 
tilled. In both distillations tlie vapour underwent partial 
condensation at 56®, The final product was found free from 
acid and titrated 100 p. o. (talceu 922 mligs.; found 922*3). It 
was preserved lor the tension-deteiininutions. Immediately 
before use it was tested with standard ammonia, when it was 
found to contain a quantity of fi*ee acid corresponding to -j^^th 

* 1 hoped to be able oomplctoly to eliminate the uncertainty in the titration by 
decomposing the ether iieith excess of baiy ta, proeipitating the excess with OOj, with 
the aid of heat, and determining the amount of carbonate precipitated. But finding 
that a solution of neutral acetate of batiam (prepared by precipitating an add solu¬ 
tion of iiio salt with alcohol), when warmed and treated with 00s, gave a precipitate, 
i Ixad to reject this method. * 



484 DITT3I.VTt ON THE ViSPOtTR-TENSION OF FORMATE 


of its weight of dcconipobe<l fornuite. £ did not think that 
this small amount of impuriiicM could matovinlly nffec^t tho 
rosiills, and therofore nsod tlu' other as it was. 

In ihe preparation of the aoeialcs tho foriuoi’ pro(‘OHS was 
imjn'oved npon in fao far as tlu' mixture of oxalate of methyl, 
acetic acid, and hydrocliloiic acid was heated in a paraffin bath, 
in order to avoid ovc rhea ting, which might i) 0 SHibly have U»d 
to the foiTualion of formate of anothyl. TIk' (‘nidi' at‘etat(‘ 
was, this time, not washed, but at once poimul on a large 
quantity of recently fused acetate of potash, the niixtun* 
allowed to stainl tor some hours, and then distilled from a 
paraffin-bath, with partial condensation, at 6(>—58“. Tljie distil¬ 
late was tested for, and found to b(‘ free from cblorine and oxalic* 
acid, but titration showed it to contain p. c. of other im¬ 
purities, These were easily removed by sucoessivo distillations, 
firstly, with concentrated sulphuric acid, He(*ondly, wth re<*ently 
fuBOcl acetate of potash, tho operations being comlu<*ted exactly 
as in tho case of tho formate. The idtimate prodnet was 
found, on titration with pure soda, to contain 99*8 p, c. of real 
acetate of methyl. (Taken 931'tl mllgs.; found tl2Jh4.) It was 
perfectly neutral, and remained so up to the time of its being 
used. 41 

The improvemturts iutrodTiee<l in the 
physical part of the work consisted cbiolly 
in this, that the two tubes containing the 
others wore made to oomimimoate, so that 
Iho two vapours pressed against each other 
through a continuous mass of mercury*. 
Tliedeiermiihdiou of tho diirenmec iu ten- 
Hton was thus reduci^d to tliaf of <h(* difler- 
of h*v(»l of two nK‘mH<*i, a iiU'iisuiH*- 
meut which was eflbcte<l by m(*ans of a 
cathotometor coustvueted byDr.Meyer- 
stoin of Gottiug<nL 

The water-bnth used (‘onsisted of a 
rectangular iron case, provided on two 
opposite sides with plane glass plates, 
parallel to,which tho system of tnhes con¬ 
taining the others was placo<l. 

An apparatus, sliaped like fig, was 
made out of glass tubing of about 12 mm. 




OP ETHYL ANT) OF ACETATE OF METHYL, 485 

inner diameter. It was half filled with pnre mercury, the 
open ends connected with an air-pump, and after exhaustion, 
the mercury was boiled for a considerable time. After cooling, 
n and b were drawn out near the ends, so as to produce 
very narrow-necked funnels, and more mercury was poured 
into the apparatus thi’ough the middle lube, the well-known 
precautions being taken to avoid, as mxicli as possible, Iho 
formation of air-bubbles. Of the few bubbles fonnod, none 
were seen to travel over to the side tubes. About l^ c. o of 
foTOiate of ethyl were now introduced into one of the side tubes, 
and the end of this tube was drawn out and broken off so Jis 
to produce a capillary orifice; the ether was then kept in ebulli¬ 
tion for some time to expel the air, and the end of the tub(' 
scaled up. After the other side-tube had, in the same way, 
boon cluirgod with acetate of methyl, the greater part of the 
ineixmry ooiitaiuod in the middle Ixibt^ was taken oui \vith a 
pipette,and the end of this tube was closed witha perlbrated cork 
through which a glass tube passed, provided at the end with a 
cementod-ou two-way stopcock of stoel with two appendages, 
shaped so as to form ono half of a ^^Regnaulfs coupling.” 
The apparatus was placed in the water-bath, and to ono branch 
of %e two-way cock there was coupled on a glass tube with 
Boldorod-ou branches, connected severally, by means of black 
india-rubber tiibing, with a syphou-manomoter, a hollow ooppoi' 
ball of about 5 litres’ capacii y, and a syringe, constructed so as to 
servo for oxhausliug as well as condensing. The two-way co(‘k 
afforded tho means of making the W-tubo communicate at will 
will) ilio almosplierc or the manometer, or ofshutling it off froiji 
eitlnu', atid sowed to regulate thopiessxuo wilhin tho uppliratus. 
Tho object oi* the copper ball was to o]imiji<ito tlu‘ inflaouoo of 
slight leakages in tho joints, and of sudden, changes in the 
temperature of tho atmosphere. In the exporimenls at pres¬ 
sures exceeding one atmosphere, tlio cork in tho middle tube 
was fastened down witli wire, and the indhi-rnbbcr joints were 
made pressure-proof by bandaging them over with strips oi‘ 
calico tied on with wire. 

The moduff opei*nmU in the tensiou-detei’minations scarcely 
needs dcseription. 

After tho desired temperature ha<l boon established in tho 
w.it(‘rduith, and the ])rossnro within tlie apparatus properly 
adjuskd, th(‘ teniii»evatiirc kept constant and uniform by 
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well known means; and while one person kept the water 
in the bath continually in motion and observed the thermo¬ 
meters, another, by means of the cathetoineter, took the 
levels of the menisci in the ether-tubes, first in a, then in 
bj and then again m a. In most cases the result was checked 
by altering the pressure within the apparatus, keeping the 
temperature as nearly as possible constant, and taking another 
series of readings. The temperatures up to 50^ inclusive, 
were determined with a very sensitive thermometer, divided 
into fifths of degrees, obtained from Geisler, in Bonn, and 
corrected for a displacement (of + 0*2®) in the zero-point of 
the instrument. The higher temperatuies were taken with an 
ordinary laboratory-thermometer divided into whole degrees. 
This second thermometer had been compared with Geisler’s at 
a series of temperatures below 50*"; and its indications having 
been found to exceed the latter by a constant difference of 0‘8®, 
its readings above 50° were also corrected by deducting 1°. 
All this is, of course, no perfect guarantee for the exactness 
of the temperatiue-determinations but considering that, as is 
seen from the table below, the differences of tension vary only 
very slowly with the temperature, a rectification of the enoi’S 
in the scale of temperatures would probably not very materiftlly 
alter its position towards that of the differ eikoes of tension. 

The following table gives the results of thirty experiments 
carried out in the way described. ‘‘ t stands for the mean of 
the temperatures observed during the respective experiment; 
** A ^ ” for the maximum deviation from this mean; for the 
l^oeloi the meniscus in the formatt>-tube; a” for that in the 
acetate-tube.t Consequently the column headed gives 

the excess of the tension of the formate over that of the 
acetate measured by a column of mercury of ^°; the following 
column gives the same difference of pressure in mercury of 
15 ^ 0 . 

* I Ikope before long to be able to funush a correction table for the temperatnies 
foonded on a calibration of the instruments or on comparisons vilb a 

ir^blrthennometer ** 

As observed ifiitk the cathetometer, the aero point of vhieh was at the upper end 
ofthesesle. 
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Experiment 

Ho. 

t. 

At. 

f-a. 

TfiTn 

reduced to 15°. 

1 

18*0 

0 

15-86 

15-35 

2 

18-0 

0 

15-22 

15-22 

3 

23-3 

0-3 

8-02(?) 

18-02^) 

4 

24-4 

0 

18-40 

18-40 

5 

24-4 

0 

16-77 

16-77 

6 

2i-3 

0-03 

17-15 

17-15 

7 

20-5 

0-07 

21-67 

21*61 

8 

29-6 

0-03 

21-76 

21-69 

9 

29^6 

0-05 

21-85 

21-79 

10 

29-8 

0 

21-70 

21-64 

11 

34-4 

0 

24-90 

24-81 

12 

34-4 

0 

26*10 

26-01 

18 

39-8 

o-or 

28-47 

28-34 

14 

88-9 


28-00 

27-87 

16 

43-5 

0-1 

81-75 

31-59 

I5a 

43*4 


30-75 

30-59 

16 

42-95 1 

0-05 

31-01 

I 30-85 

17 

43-0 

0-03 

80*80 

30-64 

18 

48-55 

0-05 

35-52 

35-29 

19 

48-6 

0 

86-37 

36-14 

20 

66-0 

0 

40-87 

40-68 

21 

55-15 

0-06 

41-75 

41-46 

21a 

55-35 

0-05 

41-25 

40*96 

22 

54-05 

0-15 

88-80 

38-51 

23 

68*7 

o-os 

39-40 

39-11 

24 

66-2 

0-2 

40-55 

40-26 

25 

54-4 

0-03 

39-95 

39-66 

* 26 

63*7 

0 

48-35 

47-91 

27 

68*7 

0-03 

48-20 

47-76 

28 

69-0 

0 

53-27 

52-74 

29 

78-95 

0 05 

69-90 

69-18 

30 

78-75 

0-15 

60-80 

60-09* 


It will be seen that the resiilts of this series of detennma- 
tions do not agree with those of the first. The differences 
cannot be accounted for by the more refined method of 
measurement employed in the second series, but must be 
owing to the different degree of purity of the two sets of sub¬ 
stances used. Feeling sure that the ethers used in the second 
series of determinations were, at least, very nearly pure, I think 
we may safely assume that the results arrived at would sub¬ 
stantially hold also for the ideal substances, and conclude that, 
at temperatures between 19® and 80® G, the vapour-tension 
of formate of ethyl is greater than that of acetate of metbyU 


* Ti>e absolute acaouut of the tensions at this texnpemturo iras about two atmo¬ 
spheres. 
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and that the difference ia the greater the higher the tempera¬ 
ture.* 

I cannot conclude without retimnng my cordial thanks to my 
jGriends,Mr. Cranston and Mr. Dewar,for the valuable assistance 
they have frequently given me in the course of this research. 

ITniversity liaborator}, 

Edinburgh. 


XLIT .—On a Form of Con^taiit Battery. 

By Warren De la Rue and Hugo Muller. 

Although there are several voltaic batteries which possess the 
essential quality of continuous action, yet when a very largo 
number of elements is requii-ed, it is found that they are all in 
some respects inconvenient. For example, it is veiy troublesome 
to charge a battery of several hundred elements, in which two 
liquids and a poi'ous cell are required; moreover, diffusion 
of the two liquids eventually takes place, and produces a great 
amount of local action whenever the battery is left for a long 
time with the electrodes disconnected. We believe, therefore, 
that the instrument which we herein describe will be found 
useful to the chemist and the physicist as a ready source of 
dynamic electricity always at han^ and that, especially where 
from a few himdreds to several thousand elements arc requisite, 
it -will be found to be valuable, handy, and compact. In ifi 
construction no porous cell is needed, and the electrolyte is solid 
and veiy nearly insoluble, so that practically the electro-pubitive 
metal is scarcely attacked, even when the elements are left im¬ 
mersed with the electrodes disconnected for several weeks. Wc 
may state that this instrument was designed for the express 

t 

* A few of the vi^aes for /—a were reduced to difi^nces in temperature^ tbe 
ealcuUtioii& being founded upon the absolute determinations of the tension of 
soetate;, in series 1 .; the lesnltB, wbicli I ^re only as rough approximations, were 
as follows. The temperatures of equal yapoar-teusions are respectively s 


• For formate ,. <« 

20 

26 

83 

48 

53’ 

•64'9 

„ acetate .... 

217 

278 

84*7 

44*5 

54’*4 

56*8 


17 

1‘8 

17 

15 

X’4 

1*4 


♦ According to Ht Eopp. 
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object of facilitating experiments on the dhect voltaic discharge 
in highly rarefied media, that is, as an ‘‘intensity” rather than 
as a “ quantity” batteiy. 

It will he recollected that a battery consisting of ten of 
our elements was desciibed and exhibited in action, at the 
meeting of our Society, on February 6th last. At the soiree 
of the President of the Royal Society, on March 7th, one 
himdred elements were shown in action; and at that of the 
Chemical Society, on March 11th, and on several other occa¬ 
sions, two hundred'elements were exhibited. But we have 
delayed giving a more detailed account of the instrument 
for pubhcdtion, imtil we had an opportunity of making fiir- 
ther experiments with it, and more especially of testing its 
electromotive force. In om- battery, the generating or electro¬ 
positive metal is zinc, which it is better to amalgamate, although 
it is not essential to do so; the negative metal is silver, and the 
electrolyte solid chloride of silver, the whole being immersed in 
a solution of chloride of sodium or chloride of zinc. The solu¬ 
tion we generally use contains 23 grammes of common salt to 
a litre of distilled water (219 grains to a pint). It is not 
desuable to use common water for dissolving the chloride of 
sodium, as the carbonates present cause a cloudiness by 
precipitating the 2 dnc as carbonate, when the battery is in 
action. 

The form of the battery which we have adopted is represented 
in Figs. 1 and 2, hnt where a very large number of elements is 
wanted, it is more economical and convenitot to employ a modi¬ 
fication presently to be described, and shown in Pig. 3. The 
ynn element is formed of Belgian zinc wire (English zinc being 
too impure to be used advantageously), 2|. inches (6 centimetres) 
long, and 0’2 inch (5*1 mm.) diameter. The electro-negative 
element consists of a wire of pure silver, 0*03 inch (U'77 mm.) in 
diameter; and round this is cast* a cylinder of chloride of silver, 
022 inch (5-6 mm.) in diameter. The silver wire projects about 
0-2 inch (5 mm.) beyond the bottom end of the chloride of silver, 

• la making Uxose cylindera, a mould wMek was designed for casting rods of Innai* 
caustic (nitrate of silver) was found to be convenient. The mould oontained a 
series of recesses which permitted of several rods being cast at a lime. The silver 
wire was held firmly in the centre of the cylindrical zececB by passing through a 
hole in the bottom of the mould, and by a aeries of arms projecting over the mouth of 
each luceas at a sufficient distance to permit of the fused chloride bring poured 
into them. 
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the vTilcanized collars have to slide, as the varnish causes too 
much friction, and a liability to jerking; below this point they 
may be varnished with advantage. They are cemented into 
the base of varnished mahogany, D D, in which is made a 
series of recesses to fit the cells, E, and keep them in their places. 
This base rests on feet of vulcanite to increase the insulation. 
The rods of zinc and chloride of silver are prevented from fiilliag 
through the holes in bar A A, by means of heads formed in the 
zinc by hammering the wire while it is held in a properly shaped 
tool, and on the chloride of silver by suitably shaping the upper 
end of the mould into which it is cast; a collar of caoutchouc is 
placed on the lower end of the zinc element to prevent contact 
between it and the rod of chloride of silver. Another plan of 
support is, however, more advantageous, where a very numerous 
senes of elements is used, as shown in Fig. 3, for it permits both 

Kg3. 



of economising the chloride of silver and of readily renewing it 
from time to time. Keces of gutta-percha, or ebonite, 11, are 
well fitted into the bar A; they are piei'ced with a hole just 
large enough, to permit of the silver wire, M, being drawn 
through them. The zincs are held in position by means of the 
vulcanized collars, N, whole a second collar, 0, serves as a clip for 
making connection with the silver wires, M, which is done by 
passing the wire between the zinc and the collar, 0« 
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It slioul<l be observed that as the chloride of silver becomes 
reduced, the resulting spongy silver is of greater diameter and 
less regular in form than the original rods of chloride; it is 
evident, therefore, that the reduced silver cannot be withdrawn 
through the holes in the bar, A A, with the arrangement shown 
in Figs. 1 and 2 ; moreover, that portion of the chloride which 
remains out of the liquid in the arrangement of Figs 1 and 2 
is not reduced, and although no silver is ultimately lost, yet a 
portion of the useful effect of its cliloride is saciificed, and con¬ 
sequently the arrangement of Fig. 3 is both more economical 
and convenient. When the chlorine is more or less completely 
exhausted by the reduction of the cylinders tlirough their 
enthe thickness, the resulting rods of spongy silver should be 
placed in a vessel of water addulated with hydrochloric acid 
and some rods of zinc, in order to reduce any undeeomposed 
chloride, especially at their upper ends. After removal of the 
zinc, the spongy silver must be treated with dilute hydrochloric 
acid and well washed, to remove all traces of zinc. Very little, 
if any, loss of silver occurs, and the coat of renewal of the 
electrolyte is chiefly one of labour. If the battery be left in 
action after the complete x-ecluctioii of the silver, there is always 
some reduction of chloride of zinc, and the amount ot this 
secondary action we hope hereafter to investigate; hut we con- 
line ourselves, for the present, to a description of the effects of 
the primary action of the battery, and reseiwe for a future com- 
iminicatioti the total usefi'y. effect of the battery for an equiva- 
lent of zinc and chloride consumed. 

Before entering on the details of the exi>eiimeniB, tliere are 
one or two matters worthy of notice. In the first place, the 
physical properties of chloride of silver render it especially ad¬ 
vantageous as a solid electrolyte, for it is exti-oniely tough, and 
therefore not liable to crumble away; it is sufliciently soft to be 
cut with a knife, and may even be rolled out in a rolling machine; 
although soft enough to be cut, yet it is so elastic as to give off 
musical sounds when struck. It conducts electricity so feebly 
that it must be classed with insulators; and it is on tMs account 
necessary that the silver wire should pass right through the chlo¬ 
ride of silver, in order to touch the saline solution, and the circuit 
has to be closed for about a quarter to half an hour the first time 
battery is used, in order to effect a sufficient reduction on the 
lliaif&oia of the cylmders. When the action has once commenced 
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it may be continued until the whole of the chloride is decom¬ 
posed. Although we have made batteries with plates of chloride 
of silver and zinc, instead of cylinders, the arrangements we have 
described are far more efficacious in proportion to their size. 

In order to test the electromotive force of the batteiy, we 
availed ourselves of the kindness of Dr. Matthiessen and of 
Mr. Hockin, who placed at oxu- disposal the apparatus they 
have employed in determining the condtictivity of metals and 
alloys, and who were so good as to conduct the experiments, 
with which they are more familiar than ourselves. By way of 
comparison, a Daniell’s battery was made, in which the electro¬ 
negative metal was pure electrotype copper, immersed in a 
solution of pure stdphate of copper, saturated at about 20*^ C. 
(68° P.), and the electro-positive metal was pm*e zinc, amalga¬ 
mated and immersed in a solution containing 14 per cent, of pmre 
sulphuric acid and 86 per cent, of water. The charge of the 
chloride of silver battery was 25 grammes of common salt to a 
Btre df water (219 grs. to 1 pint). Two cells of the chloride of 
silver battery produced in a circuit of resistance of 31,170 Brit. 
Assoc, units a current of from 2 to 4 per cent, less than two of the 
Daniell’s cells through the same resistance. But when the bat¬ 
teries were joined, 2 a!ftc to zinc, and the negative elements were 
connected with the exti-emities of the coil, no current was 
apparent: the electro-motive force of the batteries was therefore 
identically the same, or, at all events, did not differ by OT per 
cent, when only two cells of each battery were opposed. The 
internal resistance of 10 cells of the diloride of silver battery, 
estimated by the current produced through 81,200 B. A. units 
compared with the current produced by them through a cirouit 
Mabtanoe of 10 units, besides their own resistance, was 56 
units, giving 5^ units for each cell. In general terms, it may 
be said that the ddoride of silver battery has about the same 
electro-motive ft»rce as a Daniell’s battery. 

During our experiments with the resistance coil, it was 
noticed that there occurred, in the readings of the galvanometer, 
pulsations which indicated a greater accumulation of force from 
time to time. The instrument could only show the pulsations 
of comparatively long interval I but this observation could not 
fail to point out that possibly periodic accumulations and dis¬ 
charges may occur in what we usually consider as a continuous 
current, whose periods are so*small that it w'ould require special. 
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apparatus to reveal them. Their mvestigation might throw some 
light on the stratilicsations of discharges in highly rarefied 
media. 

In order to test its constancy, a series of 10 cells was charged 
with a solution of common salt, and the circuit completed for 
half-an-hour. It was then connected, firom time to time, with 
a voltameter, m which the electrodes were made of platinum 
wire, about -g^^th (5*1 mm.) of an inch in thickness. When the 
current had become sensibly constant, the voltameter w«n.s read 
off, when it was found that the mixed gases were collected at 
the rate of 5-5 cubic inches (90*12 c.c-) per hour. The volta¬ 
meter was then disconnected, and the circuit left unclosed for 
14 days, the elements being allowed to remain immersed. At 
the end of this time, it was necessary to add water to replace 
that which had evaporated from the cells. On again completing 
tbe drouit, by means of the voltameter, 5*6 cubic inches 
{91*76 C.C.) of mixed gases per hour were collected, and tliis 
quantity was given off, from time to time, for several days, 
whenever the voltameter was made to dose the circuit. A 
very slight local action had taken place on the zinc rods during* 
the period of fourteen days that the elements had been left 
immersed and the circuit broken. Subsequently a trial was 
made with 100 cells, arranged so as to form a battery of 10 
cells of ten times the surface, and connected with the same 
voltameter* On this occasion 53 cubic inches (868*46 c.c.) per 
hour were collected. Of course very little advantage was 
obtained in passing the current of 100 elements arranged in 
series throngh the voltameter over the current of 10 of th» 
same elements. Some experiments were made by ourselves and 
Professor Abel with the battery, in order to test its value for 
igintbg his artillery and blasting fuses. It required fi-om 16 
to 18 elements to fire the fuses with certainty; therefore 20 
elements would be qtdte suflScient, for the purpose. 100 ele¬ 
ments fired four of the fuses linked so as to form a chain. 

A battery constructed as shown in fig. 3, gave, when the 
whole of the chloride of silver was immersed, 2 c.c. of mixed 
gases per minute, or 120 c-c. (73*2 cubic inches) per hour. The 
rods of chloride of silver weighed each 11*5 grammes; this 
QoerespoiLds to a total evolution of 1427*27 c.c. at 60®Fah. 
{15'^C*i), and. the notiufil pressure, so that if used contmupusly 
the chlorideVould be used up in 11*89 
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hoTirs. It is easy, liowever, to regulate the constmiption by 
immersing the elements a short distance at first, and gradually 
lowering them so as to make the chloride last for several days’ 
contmnons action. Moreover, for experiments, where the circuit 
is closed for a short interval only fi*om time to time, the batteiy 
would remain available for several weeks without renewing the 
chloride. For special requirements the cylinders of chloride 
may be made of larger diameter*. 

One hundred elements gave a brilliant arc with boxwood 
cbarcoal points, which could be sustained when the points were 
withdrawn one-sixteenth of an inch (1*58 mm.); with a series of 
two hundred elements the arc could be maintained when the 
charcoal points were separated one-fourth of an inch (6-32 mm.). 
We have not hitherto constructed a larger series than that 
just described, as some slight improvements in construction 
have from time to time suggested themselves; but we anticipate 
that from 1,000 to 2,000 cells would permit of the investigation 
thrf eleclaic discharge in vacuo much more conveniently tl^ 
with any other batteiy. Ten ceUs occupy a length of 15 inches 
(88*1 centimetres) and a width of 2 inches (5*1 centimetres), 
so that 1,000 elements would stand on five trays 18 inches 
(45'7 centimetres) wide and 48 inches (1*292 metre) long, 
and afford space for the supports. Although we have said that 
the battery was chiefly intended for use when “intensity” is 
desired, yet it will be seen that the amount of decomposition 
of water in the volta-meter shows that the amount of chemical 
force transmitted is very considei’able in proportion to the size 
of the instrument. Lastly, it must be borne in mind that the 
source of power is the chloride of silver, and consequently that 
ifm is QOtQSumed as the sulphuric add in Smee’s battery, the 
sulphate of copper in DanielFs battery, and the nitric acid in 
Groves’ battery, just in proportion to the amount of work 
done, and that it requires renewal just as thesb substances do; 
the chloride of silver battery, however, possesses this great 
advantage, that it is more simple to charge and bring into action 
than any porous cell-battery, and that it maybe allowed to 
remain for a condderable rime immersed without detriment. 
Notwithstanding this latter property, it will be better to remove 
the elements from the solution whenever the experiments are 
likely to be interrupted, particularly as the constraction of the 
batte^ permits of this being done so readily. 



XLV,— Semirche^ on Di-methyl. 


By Wm. H. Darling. 


Being the results of an investigation for which the Dalton Chemical Scholardiip at 
Owens College was awarded^ Octohei, 1867. 


The syntliefeis of carbon compounds forms perhaps the most 
important and interesting branch of modem chemical inqtdry. 

By the most recent developments of these synthetical pro¬ 
cesses it has been ascertained, that the chemical propeities of a 
carbon compound depend upon the position of the atoms of 
which its molecule is built up. * 

From Frankland’s original observations concerning the 
difference between the action of chlorine on the so-called di¬ 


methyl obtained bj the electrolysiB of an alkaline acetate* 

G H T 

and on the hydride of ethyl p obtained from ethyl com¬ 
pounds, the existence of a difference in the four combining 
powers of a carbon atom was rendered probable. 

The subsequent researches of Sohorlemmer have, howcvei*, 
proved that only one hydrocarbon (>f the fownula exists, 
inasmuch as he succeeded in preparing ethyl chloride from the 

hydrocarbon di-methyl obtained by the eleotroiytid 

decomposition of an alkaline acetate (Proc-R. yoc., xiiL, 225) if 
as well as from ethyl-hydride, obtained from ethyl compoimds.* 
It appeared of great interest to repeat this synthesis, and to 
prepare the chloride in larger quantity, from which to obtain 
ethyl compounds and ascerta^ their chemical and physical 
properties. 

At the request of Mr. Schorlemmer, 1 undertook tliis in¬ 
vestigation. I take this opportunity to express my thanks to 
that gentleman, and also to Professor Roscoe, for the kind 
aissistance rendered to me throughout this research. 


* Ohm. Qqc JT. fUm 
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L Preparation op Di-mthyl by Sohxttzenbebgeb’s 
Process. 


Wh« peroxide of barium acts on acetic anbydridej a gas, 
stated xb be di-methyl, is given off, tlie reaction being repre¬ 
sented as follows:— 




2CO3.* 


It was found that if the peroxide was heated with the anhy¬ 
dride, as Schiitzenberger directs, a violent explosion oc¬ 
curred, breaking the apparatus. In order to avoid this, the 
peroxide was mixed with dry sand; this had the desired effect, 
if the decomposition was allowed to begin at once. If, how'- 
ever, the flask containing the mixture was cooled to begin with, 
the action after a time became so violent, probably owing to the 
formation of peroxide of acefyl, that explomons occurred. 20 
grms. of anhydride were weighed into a two-ounce flask, and an 
intimate mixture, consisting of 20* grms. of powdered peroxide 
of barium and 40 grms. of dry sand, was poured in, mixed by 
shaking and immediately connected with a bent glass tub^ 
whereby all the air was displaced The gas evolved was collected 
in a Pepys gas-holder, and afterwards displaced by pressure; 
it was purified by passing first through a strong solution of 
caustic potash to absoi*b the carbonic acid, afterwards through 
concentrated sulphuric acid to absorb any vapour of acetic 
anhydride present. The gas thus prepared burnt with a feebly 
hnninons flame. In oirder to form the chloride, the gas thus 
paitepared was tareated with an equal volume of chlorine in the 
following manner:—A white glass bottle of about 2*5 litres 
capacity, ftdl of water, was exactly half filled with the purified 
gas in a pneumatic trough, the remaining water dkplaced by 
pure chlorine, and the bottle tightly corked. The bottle thus 
filled was exposed, until nearly colourless, to diffused sun¬ 
light, after allowing time for the two gases to mix, and the action 
was completed by means of direct sunlight. The bottle was 
then opened under warm water; the hydrochloric acid absorbed 
was equal to half the capacity of the bottle. The remainder 


* Coiaptes X&65, Izi, 48T. 
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of the gaseoTib contents not absorbed was displaced by warm 
•water into a receiver, in which a few pieces of stick potash were 
placed, and which was snrroiiiided by a freezing mixture of 
salt and ice. In this tube a small quantity of liquid was con¬ 
densed. After using the anhydride obtained from on!|^ound 
of phosphorus, with the exception of a small quantity reserved 
for future analysis of the gas, the total volume of liquid ob¬ 
tained did not exceed 26 c-o., and began to boil at 40® C., the 
temperature rising up to 80® C. This quantity proved too small 
to admit of being fractionated, in order to separate any more 
highly chlorinated products. 

In order to ascertain the cause of so small a yield of chloride, 
the gas was analysed, according to Bunsen’s method, after 
freeing it from caibonic acid and vapour of anhydride by means 
of caustic potash. It was first tested for carbonic oxide, by 
means of cuprous chloride, and yielded the following result:— 


A. 



Tolume. 

Pressure. 

Temp. 0 

ToLatO^a 
and Im. 
Pressare. 

Oils originally employed (moist).. 

122-7 

0-7151 

14-0 

83 47 

After absorption of carbonic oxide 

(*y) . 

116 65 

0-7273 

170 

79-86 


The composition, as determined by ansflysis A, is 


K 

Oarbonio oxide ... 

4 

.. 3*61 


^An 1 

^ \ . 


.. 79-86 


OJI 4 J 


83-47 


The following absorption analysis B, was made with fuming 
sulphuric acid to determine the presence of olefines. 


B. 






Tol.»t0*0. 


Volume. 

Pressure. 

Temp, 0. 

and Im. 
Pressure. 

Qi^nal yoliime of gas (diy) .... 
After abenrptiim fbmmg fiml- 

116-66 

0 7378 

170 

79-86 

plmzic add (dry).. 

i 

110-40 

m 

0-7082 

18-0 

79-82 
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Hence the composition from B is 


Carbonic oxide . 3*61 

GAn ... 0*54 

. 


83'47 

For the deierminatio& of the remaining constitueniB, which 
could only consist of di-methyl and methyl hydride, a com¬ 
bustion analysis was made. 


C. 


1 

1 

Volume. 

Pressure. 

Temp. 0. 

Vol.8l0»O. 
and Im. 
Pressure. 

OriginAl volume (moist) . 

20S'6 


18-0 

32*16 

additioii. of air (moiat)...... 

627*1 


19*4 

235*4 

„ „ oiTgen (moist} 

618'6 1 


21-5 

323*8 

„ explosion (moist) ... 

„ absoTpUon of oarbonic add 


0*4092 

202 

266-4 

<*j). 

496*2 

0-4668 

16*2 

2X7*8 


Original volume of gas .... 32*16 = A 

Contraction. 67*40 = C 

C^bonic acid . 38*60 = B. 

Since 1 volume of di-methyl gives 2*5 volumes of contrac¬ 
tion and 2 volumes of carbonic add, and 1 volume of methyl 
hgjdride gives 2 volumes of contraction and 1 volume of carbonio 
add, then, if y represents the former gas and x the latter, 

X + jr s A 
-f 2y s: B 

y = B—A ar = 2A — B. 

By substituting the numerical values, 

X + y = 32*16 + 2y = 38*6 

y = 88*6 - 32*16 x = 64*32 - 33*6 

y = 6*44 * = 25*72. 

The contraction C gives a third formula, 
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^ 

y = 2(C - 2A) 

Again substituting values, 

2^ + |y = 67-4 

y r= 2(67-4 - 64-32) 
y == 6-16 

Taking the mean, of the results, 
A' = 25-86 


j? + y =: A 

.V = A - 2(C - 2A), 

A' + y = 32-16 

= 32-16 - 2(67-4 64-32) 

m = 26-00. 

y = 6-30. 


From these analyses the following numbers were obtained:— 


Carbonic oxide .... 

.... 3-58 

4-29 

Olefines 

.... 0*54 

0-63 

CA. 

.... 35-49 

18-57 

CH*. 

.... 63*84 

76-51 


93-45 

100-00 


This analysis clearly shows that Schutzenberger’s descrip¬ 
tion of the above decomposition is incorrect, the greater part of 
the gas consisting of hydride of methyl. 

This method being found not to yield the required product, 
and not to be pure di-methyl, I endeavoured to procure tliis 
substance in quantity by the action of zinc upon methyl iodide. 


IL PkEPAHATION of Di-METHTL by PEANKIiANO’S PROOBS^ 

In order to prepare pure di-methyl, I toot advantage of the 
directions given by Schoyen* for the preparation of pure 
di-ethyl. 

Into stout glass tubes closed at one end, metallic 2 smc made 
rough on its surface was introduced; the open end was then 
softened before the blow-pipe, thickened, and drawn out into a 
strong oapillaiy, which was bent twice at right angles, as 
described by Frankland. Through this capillary the methyl 
iodide was introduced, and afterwards the ether, equal in volume 
to that of the iodide, both of which had been dried as far as 

^ I 
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possible over metallic sodimn. The air in the tube was dis- 
• placed by boiling the ether and closing the capillary, and the 
end was thickened after cooling the tube. 

Tubes thus prepared were maintained at a temperature of 
130® G., until all the 2 ano was dissolved, then allowed to cool, 
and afterwards opened by softening the end of the capillaiy 
before the blow-pipe, when any marsh-gas, which by presence 
of some moisture might have formed, escaped. 

The tube, after heating until the contents began to boil, was 
again sealed, and heated at 150° C. for several hours. 

After the tubes had attained the temperature of the room, 
they were immersed in a mixture of salt and ice; one end of a 
narrow tube of thick caoutchouc was drawn over the capillary, 
the other end being attached to a gas holder containing a 
saturated solution of common salt; and the end of the capillary 
was broken off. The gas then rushed into the holder, the internal 
pressure frequently projecting some of the liquid contents into 
the holder, where, in contact with the water, decomposition took 
place, it being almost impossible to decompose all the zino-methyL 

The di-mothyl obtained from iodide of methyl and jainc hy 
this process, and purified by fuming sulphuric add and caustic 
potash, was treated with chlorine, as in the previous case, 
wherel^ a liquid was condensed which began to boil at 11° C., 
and rose above 80® C. The quantity obtained was, however, 
but small, in consequence, no doubt, of the presence of xnarsh- 
gas from zmo-methyl which was carried over; and as it became 
apparent that considerable difficulty would be encountered in 
preparing large quantities of the pure gas, this method was 
abandoned. 

To substitate mercury for the solution of salt would not 
be desirable, as the mass of mercury then required would be 
unmanageable. 

That pure di-methyl is obtainable by this method is clearly 
shown by the following analysis; this gas was, however, col¬ 
lected in a mercury gas holder, as described in Bnnsen^s 
Grasometry. 

The following analysis of di-methyl thus prepared was made 
according to Bunsen’s method:— 
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Yolume. 

Pressure. 

Temp. 0. 

VoLatO-C. 
and Im. 
Pressure. 

Original yolnme of gas (moist) .. 

145*62 


11*0 

16*71 

After addition of oxygen (moist).. 

288-87 

0 2563 

11*8 

69*74 

„ „ air (moist). 

539*23 

0*5075 

11*8 

262*3 

,, es^losion (moist). 

495*06 


11*5 

220*3 

„ absorption of carbonic add 
(dry). 

456*53 

0-4268 

11*9 

186*8 

„ addition of hydrogen (diy) . 

679*12 

0*5461 

13*2 

301*8 

„ explosion (dry).. 

476*92 

0*4351 

11*4 

199*4 


Gas employed ... 

found. 

... 16-71 

Calculated. 

Contraction . 

... 42-30 

41-77 

Carbonio add..... 

... 33-50 

33-42 


m. Preparateon op Di-methyl by Elboteolysis of an 
Alk a line Acetate. 

I prepared the di-methyl by the electrolytic decomposition of 
acetate of potash, according to the process desciibed by Kolbe. 
The gas, evolved from a platinum plate contained in a porons 
cell, was passed, jBrst through a solution of caustic potash, to 
absorb the carbonic acid, afterwards through Nordhausen acid, 
and over pumice-stone moistened with oil of vitriol, to fi:ee it 
from a trace of oxide of methyl or hydrocarbon absorbable by 
this acid, and finally through a solution of caustic potash, to 
absorb acid fames, any carbonic acid which had escaped the first 
wash bottle, or traces of sulphurous acid. The gas thus 
prepared had a very slight odour, and biunt with a non-laminous 
fiame. 

The following analysis of di-methyl was made according to 
Bunsen’s method:— 



Volume. 

Pressuro. 

Temp, 0. 

Vol.at0®O. 
and Im- 
Pressure, 

(1) Oliginal toI. of gas (moist) .. 

188-48 


8-5 

24*94 

(21 After add-of oys^gen „ 

333*41 


8*0 

127-00 

w » 99 dr „ • • 

567*52 


8*6 

287-6 

f4|> „ explosion „ 

(6) 99 absorption of carbonic 

505*38 

0*4591 

9*2 

224-7 

add (dry) .. 

447*58 

0*4156 

12*8 

17«-9 
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CoiitracfcioiL observed .. 62*80 .. calculated for • • 62*35 
Carbonic acid „ .. 50*80 .. „ „ 49-83 

On similar treatment with chlorine as in the previous cases, 
and subsequent displacement with wann water into a receiver 
containing pieces of potash and suixounded by a freezing 
mixture of salt and ice, a colourleBS volatile liquid was condensed 
in the tube. If the gas or the chlorine was not pure, being 
mixed with air, veiy little or no liquid was condensed, being 
carried off by the current- The same fiict was noticed by 
llr. Schorlemmer. This wiU probably account for Frank- 
land*s obseiwation that no liquid was condensed at — 18® C. 

One hundred grammes of chloride vrere prepared by the 
repetition of this process. This first product was separated by 
distillation into two pai-ts, one which distilled below 30° 0., and 
the other above 30® C- On still farther fractionating the fii'st 
distillate, a portion was obtained boiling at 11—13° C., whose 
specific gravity was 0*9258 at 0° C. Pierre found the specific 
gravity of ethyl chloride to be 0*9241 at the same temperature. 

The chloride boiling below 30° 0. gave, on heating in sealed 
tubes with acetate of potash and glacial acetic acid to a tem¬ 
perature of 130®—140° C. for three or four hours, a volatile 
fragrant liquid, having the characteristic odour of acetic ether, 
which, after drying over chloride of calcium and magnesia, boiled 
at 74*0—75*5° 0. Kopp gives the boiling point of ethyl acetate 
at 74*3 under a pressure of 760 mm. of mercury. 

In order to prepare the alcohol, the acetate was heated with 
crystals of bar^a hydrate in sealed tubes for one or two hours, 
to a temperature of 120° 0. After cooling, the liquid was distflled, 
imd the distillate treated with dry carbonate of potash until it 
separated into two layers; and the upper one was decanted upon 
fhsed carbonate and afterwards upon anhydrous baryta, from 
which it was distilled, when it had assumed a light amber 
colour. It began to boil at 78*1°, the whole coming over before 
the temperature exceeded 79-0® G. Kopp gives the boiling 
point of ethyl alcohol prepared by fermentation at 78*4° 0. under 
a pressure of 760 mm. mercury, and the specific gravity at 0®O., 
as 0*8095; calculating by means of his coefficient of expansion, 
the specific gravity at 6® 0. would be 0*80446, whilst I found 
the same to be 0*80302 at the same temperature. 

The alcohol thus prepared had very little odour, agreeing in 

2 0 2 
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this respect wth the observation of Mendelejeff* though the 
specific grayity is slightly higher than his at the same tempera¬ 
ture, calculated from his coefficient of expansion, viz., 0'80123. 

On submitting this liquid to combubtion analysis, the following 
numbers were obtained:— 

No. 1. 0*2834 grm. of Kqxiid gave 0*5357 grm. of carbonic 
acid, and 0*3314 grm. of water. 

No. 2. 0*5533 grm. of liquid gave 1*0481 grm. of carbonic 
acid, and 0*6480 gim. of water. 



No 1. 

Percentage 

No. 2. 

Calculated Croia the 
formula OjECtO. 

c 

.. 51-56 

51-65 

52-17 

H 

.. 12-99 

13-02 

13-04 

0 

.. 35-45 

.... 35*33 

34-79 


100-00 

100-00 

100-00 

The numbers ai‘e 

not all that could be desired when compared 


with the calculated composition; this is, however, owing to the 
difficulty in burning so volatile a liquid, and to the small quan¬ 
tities taken. Dumas and Boullayt state that, in order to 
obtain accordant results upwards of a grm. of hqxdd was neces¬ 
sary; in one combustion 1*742 grms. was used; with ether a 
still greater quantity was required. 

The alcohol still remaining in the carbonate of potash and in 
the dilute solution was separated by distillation; this distillate 
was oxidized by a mixture of Hchromate of potash and sul¬ 
phuric acid, when the characteristic odour of aldehyde was recog¬ 
nised; and the oxidation was continued until it had disappeared. 
On distilling to dryness, an acid distillate was obtained: this was 
neutralized with pure carbonate of soda, and yielded on evapora¬ 
tion needle-shaped crystals of acetate of soda. The mother- 
liquor was distilled to dryness with sulphuric acid; and the 
distillate was neutralized with pure carbonate of silver, and 
filtered boiling. On cooling it yielded colourless transparent 
flat needles, which, after drying over sulphuric add, gave on 
analysis the following numbers:— 

No. 1. 0*4142 grm. of salt gave 0*2663 grm. of metallic 
silver. 


• ZeitBchrift fUr Cliemie, 1863, p. SJST. 
t Ann. Ch, Phys, 1837 [3^ xxxvl, 299. 



CABLING ON DI-METHYL. 


505 


No. 2. 0“5095 grm. of salt gave 0"3274 grm. of metallio 
sflver. 

No. 3. 0'3630 grm. of salt gave, after drying at 100° C. in a 
water-bath for one hour, 0“2349 grm. of metalKc silver. 

No. 4. 0*2483 grm. of salt gave, after drying at 100° C, in a 
water-bath for two days, 0*1604 grm. of metallic silver. 


Estimation No. 1 gave 64*30 per cent, of silver. 

„ 2 „ 64*25 „ 

,, 3 ,, b4*36 

„ 4 „ 64*60 „ 

Calculated from the formula O, acetate of silver yields 

64*68 per cent, of bilver. 

That portion of the mixed chlorides which distilled above 
30® C. was fractionated, when two-tliirds of the total volume 
distilled over between 67®—59® C., and consist, as the following 
analyses prove, of the monochloimated chloride of ethyl- The 
specific gravity of this Kquid was found to be 1*198 at 6*5® C. 
Eegnault found the sp. gr. to be 1*174 at 17° C., and the 
boiling point to be 64® G.* 

Beilstoint has shown that mono-chlorinated ethyl chloride^ 
and chloride of ethylidene obtained by acting on aldehyde 
with perchloride of phosphorus, are identical; the boiling point 
of the latter, as obseived by Wurtz, is 58-59®, and the specific 
gravity, as determined by Geuther, is l*189,at 4*3° C.;—^these 
numbei*s agree with those I found. Beilstein remarks that 
the higher boiling point, as observed by Begnault, would 
result from the presence of more highly chlorinated products. 

The following numbers were obtained by analysis:— 


No. 1. 0*5206 grm. gave 0*3691 grm. of chlorine. 

No. 2. 0*4491 „ 0*3186 

No. 3. 0*4292 „ after drying over solid caustic 

potash for a week, 0*3010 grm. of chlorine. 

Percentage of chlorine found by No. 1, 70*89 

,, „ „ 2,70*94 

,, ,, „ 3,71*76 

* Ann. Ch. Phys [2]. ]xjd, 856. 

t Ann. Cli Phann , czlii. 110. 
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The peioentage reqtiired by the fonntila of monodhlorinated 
ethyl chloride is 71-73. 

Hence the mono-'Chlorinated ethyl chloride was formed in. 
quantity by the action of excess of chlorine on di-methyl. 

The foregoing results confirm the conclusion that only one 
hydhrooarbon, C 2 H 5 , exists, and that this substance, from what¬ 
ever source it may be prepared, always yields ethyl chloride 
when treated with chlorine. 


XLVI .—On the Application of Chlorine Gas to the 2hughening 
and Refining of Gold. 

By Feanois Bowyer Miller, F.C.S., Assayer in the Sydney 
Branch of the Eoyal Mint. 

The methods at present in use for refining gold, viz., by alloy¬ 
ing it with a cei^tain proportion of silver, and treating the mei^l 
so alloyed, either by sulphuric or nitric add, necessitate a large 
and costly plant, besides causing a considerable delay before 
arriving at the desired end; whilst tlie processes used for 
toughening brittle .gold are aH more or less objectionable; tho 
use of mercxuic chloride, 011 account of its expense, as well as 
its obnoxious vapours; and the employment of oxide of copper, 
or of nitre and borax, fi’Om their corrosive action on the melting 
pots, and tho unavoidable introduction, in the foimcr case, of 
copper into the gold so toughened. 

The consideration of these fiicts and objections suggested the 
desirabiKty of instituting experiments for the purpose of deter¬ 
mining whether it was not possible in one opei-ation to satisfy 
all the requirements of the case more simply and cheaply. 

The chemical part played by the mercuric chloiide in the 
common process of toughening brittle gold, due as it is to the 
action of its chlorine upon the baser metals, which are thereby 
converted into more or less volatile chlorides, naturally sug¬ 
gested Uie use of chlorine gas ; and the well known property, of 
this gas to form argentic chloride when passed over red-hot 
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sflver, encouraged the anticipation that it might, when applied 
to the alloys of gold and silver, give rise to the same compound. 

The chief diflBculties which presented themselves as opposing 
the practical adoption of such a method, were the volatility of 
the so formed argentic chloride when exposed for a considerable 
time to a ^ery high tempez’atnre, and its liability to be absorbed 
by, and filter through, the pores of clay crucibles. 

To overcome these diflSleulties, and thus to open a way for a 
practical application of chlorine gas to the before mentioned 
purposes, the following experiments were made. 

A clay cmcible was dipped into a hot saturated solution of 
borax in water, so as to be thoroughly impregnated therewith. 
Into this crucible, when dry, argentic chloride was introduced, 
and a well-fitting lid luted to it, and the whole was submitted 
to a high temperature in a furnace for 25 minutes. It was then 
removed fi:om the fire, and when cold, broken. No absorption 
of chloride by the crvioible was found to have occurred, and the 
residual cake of argentic chloride weighed nearly the same as 
before the operation. 

Thus a ready means was indicated for obviating the infiltra¬ 
tion and consequent loss of the fused chloride when treated in 
an ordinary clay pot. 

The next and not less important question which had to be 
experimentally decided was the volatility of the argentic chlo¬ 
ride at high temperatures. Indeed, so much does this question 
seem to involve the whole success of the application of chlorine 
gas to the purposes in view, that there can be Kttle doubt but 
that a foregone conclusion on this point has hitherto prevented 
such a process firom receiving earKer attention and trial. 

The following experiments, however, were sufficient to set 
this question at rest. 

L 922'63 grams of argentic chloride, together with 1,660 
grains of fused borax were introduced into a weighed porcelain 
crucible, loosely covered with a porcelain lid, and the whole was 
submitted to the highest heat of an assay muffle for 1 hour and 
35 minutes. The crurible and its contents were found to weigh 
after this operation only 5^ grains less than they did before ihe 
experiment was begun. 

II. 102 ounces of fine silver, and 3 ounces of fused borax 
were melted in a day crudble, previously prepared by dipping 
it into a solution of borax, as before described, and covered witli 
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a ■well fitting but not luted lid, thro-ngb a bole in the centre of 
which, a clajpipe, reaching down to the bottom of the pot, was 
introduced as soon as the whole contents were in a state of 
fusion. Through this pipe a current of chlorine gas was allowed 
to pass for upwards of an hour, which was effected quietly and 
without any projection of globules. 

At the end of this time the crucible was withdrawn, and 
allowed to cool. On breaking the crucible, a cake of silver was 
found at the bottom; on this rested a layer of argentic chloride; 
and on this, again, a thin stratum of borax, tinged with a delicate 
pink colour. 

The argentic chloride thus produced weighed 14*93 ounces, 
yielding on reduction 10*81 ounces of silver. 

An ingot of silver was obtained unacted on by the chlorine, 
weighing 90*83 ounces. 

The pot on being crashed and washed, gave of silver 0*08 
ounces. 

And the borax yielded 0*06 ounces j summarized thus :— 


Weight before experiment .. 102 ounces. 

Ounces. 

Silver recovered as ingot. 90*83 

„ „ fr. chloride. 10*81 

« „ fr. pot.. 0*08 

„ „ fr. borax... 0*06 

- 101-78 

Loss.. 0-22 


oz. 102-00 

In these experiments the small addition of borax <ipi>ears to 
have prevented all but a very minute volatilization of argentic 
chloride. 

Encouraged by those results, as woU as by those obtained 
with small quantities of alloys of gold and silver similarly treated, 
trials on a large scale were instituted. 

From these trials, the losults of which are appended in a 
tabulaa- form, it will be seen that, with the imperfect apparatus 
employed, the time required for the operation was only a few 
hmus, in order to bring the gold to a jfceuess o^ say, 993 parts 
in 1,000, and that the (xppar&nt loss of gold is veocy lit'tie more 
than what is known, to occur in ordioaiy gold molting, bemg 
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2 -j%- paarfcs in 10,000, whereas in ordinary Mint melting the ajypa- 
reniwsLBte is about 2 parts in 10,000. By apparent loss” is 
meant the loss at the end of an operation, without taking into 
account the amount recoverable from sweep," &c. 

The apparent waste of silver it will be seen is aboiit J per cent, 
of the gross weight operated on, or 3 per cent, of the silver con¬ 
tained in the alloy: but a large propoiiion of this is recoverable 
from the flue, more especially if a small condensing chamber is 
constructed in its course. 

In the experiments referred to in the table, the gold to be 
operated on was melted with a little borax, in French day 
crucibles, duly prepared by dipping into a solution of borax, in 
order to render them less liable to absorb the melted argentic 
chloride. 

It was found that black-lead pots would not answer for the 
purpose, as they exert a reducing action on the chloride, pro¬ 
bably from a small quantity of hydrogen contained in the mate¬ 
rials of which they are composed. 

The crucible was covered with a closely fitting but xmluted 
lid, with a small bole bored through it, and when the metal was 
melted, a long, ordinary tobacco-pipe stem (no suitable clay 
tubes being then procurable in the colony) was inserted through 
this hole, so as to dip into the molten gold down to the bottom 
of the pot. The upper end of the pipe stem was connected by 
a vulcanized india-rubber pipe, with a lai-ge stone bottle (warmed 
by a water-bath), in which chlorine was generated, and with 
this simple arrangement quantities of gold, weighing upwards 
of 400 ounces, were refined. The gas was used undried, just 
as it issued from the generator, no advantage being obtained 
when dry chlorine was employed. 

The chlorine generator was fitted with a safety tube, 7 feet 
long, dipping at its lower end into the liquid in the generator; 
and the liquid standing in this tube at such a height as was 
necessary to overcome the pressure of the column of melted 
gold in the crucible, afforded a ready means of detecting at once 
if any accident had happened to the clay pipe, by the immediate 
alteration of the height of the column. One inch depth of gold 
in the crucible was equivalent to about 16mcheB of liquid in the 
safety tube. 

The india-iTibber pipe when protected from the direct radiation 
of the fire, was found to stand the heat well; and if plunged 
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into ^eafc ammonia at the end of each operation, lasted imin- 
jtu’ed for some time. 

No difficulty was experienced from the projection of globules 
of gold, as might perhaps have been anticipated would be the 
case. The greater pai-t of the chlorine appears to be ab¬ 
sorbed at once, and no violent ebnlKtion consequently takes 
place. It was foimd advisable not to introduce the stream of 
gas into the molten metal nntil all the atmospheric air had been 
expelled firom the generator, and only pure chlorine gas was 
issuing fi’om the eduction pipe; for the air passed through the 
gold without being absorbed, and caused rather moi’e bubbling 
of the molten gold, and possible loss by projection, than was 
the case with pure chlorine, which was almost wholly taken up 
by the silver. 

It is difficult to obtain proper apparatus in the colony; but 
with the defective arrangement here described, about 8 ounces 
of metalKc silver per hour were separated as chloride from gold 
alloyed with it, and at nearly a uniform rate, whether the gold 
contained much silver or Kttle. 

An assay of the contents of the pot was taken from time to 
time by dipping into it a clay pipe warmed, to prevent it from 
cracking when plunged into the molten metal. A little column 
of gold rose in the bore, and the pipe, if at once withdrawn 
after the manner of a pipette, while the gold was partially 
cooled within it, retained a sample in the form of a little wire of 
gold; this was rapidly alloyed approximately, and thus the 
progress of the operation was ascertained. 

T^en the refinage was complete, the crucible was withdrawn 
from the fire and allowed to cool until the gold therein had set, 
and the still liquid chlorides were then poiued from its surface 
into a mould, so as to form a slab. The borax was in this 
operation retained in the crucible: in effecting this no difficulty 
was experienced, as the borax was quite viscid, and consequently 
much less fluid than the chlorides- 

The fused argentic chloride appeared to have the property 
while hot of holding a Kttle chlorine gas in solution, which 
escaped from it with sluggish effervescence, as it cooled. 

The fine gold remaining in the crucible was re-molted, and 
cast into ingots. 

The reduction of the chloride of silver to the metaUig state 
effected by placing the slab between two flat pieces of 
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'wronght'iron, and immersing lihem in water acidulated with 
snlphnric acid, where it was left for 24 homs, by which time the 
reduction was usually complete, but the metal thus obtained 
always contained a little gold; it was therefore necessary to 
dissolve the reduced silver in nitric acid, when the undissolved 
gold was separated by decantation and melted, while the silver 
was precipitated as chloride, and again reduced to the metaHio 
state. 

[Since these experiments were completed, however, it has 
been found that the chloride of silver can be obtained free from 
gold without the necessity of dissolving the reduced silver, a 
matter of much importance in a practical point of view.] 

On reducing the slab of argentic chloride with iron, as above 
described, and dissolving the spongy reduced silver in nitric 
acid, the gold remained as a flaky residue resembling precipi¬ 
tated metal, and not in rounded globules, as would probably 
have been the case had it been mechanically thrown up from 
the molten alloy by the gas during the operation. This fact 
rather appeared to indicate that a chemical combination of gold, 
silver, and chlorine had been formed, a view of the case which 
was further confirmed by the quantity of the two metals 
obtained from the slab of chlorides, as compared with the 
amount that should have resulted from calculation and from 
the circumstance that the residual gold was nearly pure. 

It was found that a part of the gold was readily separated 
in the metallic state, and obtained as a button on submitting 
the slab of chlorides to ftision at a red heat, but that a portion 
still remained with the chloride of silver. This leads to the con¬ 
clusion that if some agent could be found that would reduce 
fhe tihloride of gold without affecting the chloride of silver, the 
whole of the gold might be separated by simple fusion. The 
only substance likely to effect this reduction seemed to be 
metallic silver; this, therefore, was tried, and found completely 
to effect the desired object, w-lien tried on a small scale; experi¬ 
ments on larger amounts are necossary, and will immediately 
be made. 

The mode of operation adopted was as follows:—slab of 
argentic chloride, containing a small quantity of gold obtained 
from the refinage of silvery gold by chlorine, and weighing 
18*22 ounces, was fused in a borax-prepared clay crucible, at a 
bright red heat for five minutes; half an ounce of carbonate of 
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potash was then gradually dusted into the crucihle, which was 
allowed to remain in the furnace for twenty minutes longer. 
The effect of the carbonate of potash was, by reducing a small 
quantity of chloride, to produce a shower of minute globules oi 
metallic silver, which, as it descended through the fused argentic 
chloride, exerted its reducing action on any chloride of gold 
that might exist therein. 

After withdrawing the crucible from the furnace, it was 
allowed to cool until the chlorides appeared black, but were 
still quite liquid; these were then poured off into a mould, and 
there remained at the bottom of the cniciblo a button of silvery 
gold, together with a spongy mass appearing to consist of sub¬ 
chloride of silver, wliich is less fusible than the chloride. The 
crucible was now replaced in the furnace with the silvery 
button and the spongy residue, and a little cai-bonate of soda 
added to reduce any silver chloride, &e., and the whole was 
brought to a red heat for five minutes. A button of silvery 
gold was thus obtained, weighing of an ounce, and con¬ 
taining 0*28 02. of gold and 0*27 oz. of silver. 

On reducing the slab of argentic chloride to the metallic 
state, and dissolving the silver obtained in nitric add, it was 
found to be quite free from gohh 

It seems therefore probable that this plan will afford a con¬ 
venient means of separating the small quantity of gold existing 
in the chlorides obtained in tho method of refining above 
described, without the necessity of dissolving the reduced metal 
in acid and again reducing the dissolved silver to the metalKo 
state. 

With regard to the amount of chlorine wasted and pafesing 
up tilie chimney in the operations describe<l in tho earlier part 
of this paper, it appears, calcul«atiug from the materials 
employed in the generator, tliat the quantity &o wasted does 
not exceed in amount thfit required to (Woindize tho silver in 
the alloy operated on. One cubic foot of chlorine will, theoreti¬ 
cally, convert eight and a quarter ounces of silver into argentic 
chloride; not more than twice this quantity is actually 
required in practice, and probably less. Thus in refining 1,000 
ounces of gold containing 5 per cent, (or 50 ounces) of silver, 
six cubic feet of chlorine would theoretically be requii'ed, and 
praorioally twelve cubic feet are amply sufficiont; a^i^d this 
six feet, is not all voinitSd forth from the chimney at 
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once, but is gradually evolved during several hours. It can be 
readily intercepted in a small chamber furnished with a trickling 
stream of milk of lime. To determine approximately the amount 
of chlorine required to effect the refinage, the following experi¬ 
ment was made:— 

A known quantity, viz., 8*G5 gallons of chlorine was passed 
through an alloy of gold and silver, containing an excess of the 
latter, that is to say, more than the chlorine employed would 
theoretically be able to convert into argentic chloride. At the 
end of the experiment 9*23 ounces of chloride of silver were 
obtained, so that the 8*65 gallons of chlorine converted 6*62 oz. 
of silver into chloride, whereas this amount of chlorine was 
theoretically capable of cliloridizing 11*62 oz. of silver. The 
waste, therefore, of chlorine in this operation amounted to 44 
per cent, of tbe quantity employed. 

I am greatly iiulebted to my brother ofiB.cer, Mr. Robert 
Hunt, the gentlemanin charge of the melting department, and 
to Dr. Adolph Leibius, my colleague in the Assay OflSce of 
the Sydney Mini, for their valuable suggestions and assistance 
in reducing this plan of refiniug to a practical and workable 
method, and for their earnest encouragement under diflS- 
culties. 

TaMe showing results of Experimeiits in Refining €klld hy Cldorine Qas, 
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XLVn.—iVto on the Specific Gravity and Boiling Point of 
Chromyl Dichlonde. 

By T. E. Thorpe. 

In the course of an investigation, the results of which will 
shoiiJy be made public, I had occasion to prepare a consider- 

fCl 

able quantity of pure chromyl dichloride, CrOg -j and con¬ 
sequently took the opportunity of repeating the deterimnation 
of the boiling point and specific gi-avity of this substance. To 
the best of my knowledge, the only determinations hitherto pub¬ 
lished were made some years ago by Waltei\* The following 
results but incompletely confirm those obtained by that che¬ 
mist. 

The chromyl dichloride employed in these experiments was 
prepared by distilling an intimate fused mixture of 10 parts 
sodium chloride and 12 parts potassium dichroinate, with 30 parts 
strong sulphuiio acid. In order to ensure the expulsion of the 
&ee chlorine, the liquid was repeatedly distilled in a current of 
dry carbonic acid, and on the fifth distillation it was received in 
a flask provided with a long, narrow neck into the side of which, 
near its upper extremity, a tube had been fused in order to 
convey the vapom's into Liebig’s condenser. The determina¬ 
tion of the boiling point was made in this flask, the thermo¬ 
meter being so disposed that the entire length of the mcroiu-ial 
column was within the vapour. The weight of the liquid 
employed was about 60 grammes. Under a barf>metric pressure 
of 733 millimetres it began to boil at 114® C,, the height of the 
column quickly rose to 116° C., and remained perfectly constant 
at 116°*8 C., the quantity distilling over at this latter point being 
about five-sixths of the whole. Walter observed 118° C. under 
a pressure of 760 miUimcti-es. When the necessary allowance is 
made for the difference in the pressures, the two determinations 
may be said to agree completely. It appears, however, not to 
be possible to distil chromyl dichloiide without slight decom¬ 
position. 

To determine its specific gravity, a portion of the distillate 
• Aim. Chim. PKya. [2], tol, $57; Po^. Aim. xlv, 16A 
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obtained during the observation of the boiling point was trans- 
feiTed to a small weighed bnlb, the nect of which was narrowhd 
and provided ^vith an accurately fitting stopper, to prevent the 
decomposition of the liquid by almospheiic moisture. 

The following ai-e the results of the various weighings:— 


Weight of specific gravity bottle. 3*5312 grms. 

Bottle and water. Temp. 25° C. . 7*6S49 „ 

Weight of bottle after emptying and drying it, 
and before the introduction of the chromyl- 
dicUoride . 3*5311 „ 


Bottle and chromyl dichloride. Temp. 25° C... 11*4692 „ 


On calculation, these numbers give 1*920 as the specific 
gravity of chromyl dichloride at a temperature of 25° G. At 
21° C., Walter observed 1*71. I may state, as some confirmation 
of the foimer number, that the accidental observation that 
this body immediately sinks on being dropped into strong sul¬ 
phuric add, originally led me to re-determine its specific 
gravity. It is worthy of remark that the atomic volume of this 
compound, calculated from the corrected number, agrees per¬ 
fectly with that of its analogue, sulphxuyl dichloride. 


Sulphuiyl Diohloride, SOg - ^ 
Chromyl Dichloride, GrOg - q 



Sp.gr. 

At. •n'L 

iss-o 

1*66 

81-8 

155*5 

1*92 

81*2 


Heidelbeiig, September^ 186$. 


XLYIll .—Analysis of the Ashes of a diseased Orange Tree {Ciirya 

Aiirantium). 

By T. E. Thorpe, Dalton Scholar in the Laboratory of Owens’ 
College, Manchester. 

The orange plantations along the south-eastern coast of Spain, 
and in the adjacent Balearic Isles, have recently been visited 
with a severe epidemic, the rapid progress of which was 
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naturally Tiewed 'with no little anxiety by the people, since the 
ctfltiure and exportation of oianges constitute one of their prin¬ 
cipal industiies. This disease is said to have made its appear¬ 
ance at Valentia, and to have spread to the islands duiing the 
summer of last year. The first symptoms of the sickening 
manifest themselves in the leaves, which turn yellow and in 
time drop fi'om the branches. During the progress of the 
disease, the roots exliale a most disgusting odom*, and 'within a 
very fe-w days after the attack the tree succumbs. But the true 
nature of this remarkable disease, hitherto unknovni in these 
parts, is very imperfectly understood; its origin is involved in 
complete obscurity, and as yet it has baffled all attempts at 
remedial measm*es. Happily, however, its violence, wliich at 
one time threatened destruction to tlie entire plantations in the 
islands, has, within the present year, considerably abated, and 
the disease seems to be gradually dying out. 

For these pai*tieulars I am indebted to the kindness of Pro¬ 
fessor Bunsen, who visited the Balearic Isles during the 
summer vacation of last year, and as it appeared interesting 
to ascertain the nature of the inorganic constituents of the' 
diseased trees, and to compare it with tliat of the ashes left by 
the combustion of perfectly healthy specimens, procured all the 
necessary materials for analysis. Accordingly analyses of the 
ashes of the roots, stem, branches, and fruit were made in the 
laboratory of the University of Heidelberg, under Professor 
Bunsen’s direction and superintendence. The results of these 
analyses form the subject of the present communication. 

The following was the method of analysis adopted :—From 
4 to 5 grammes of the ash, obtained by bm*mng in a muffle at the 
lowest possible temperature, wei^e placed in a glass cylinder of 
about 600 c.c. capacity, provided with a well fitting stopper. 
About 50 C.C. of distilled water was then added, and carbonic add 
passed into the cylinder, the delivexy tube of the apparatus 
(which did not dip below the surface of the liquid) being fre¬ 
quently withdrawn, the stopper insei-ted, and the liquid shaken, 
in order to promote the absoiption of the gas. When the caustic 
bases were completely neutralised, and the solution saturated 
(which was evidenced by the cessation of the pax*tial vacuum, 
and also by the bubbles passing “ upwards'^' between the bottle 
sad its stopper when the latter was cautiously lifted after 
Kjlgiorously shaking the fiquid) the total contents of Ihe cylinder 
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were washed into a porcelain dish, evaporated to complete dry¬ 
ness, again heated with a small quantity of water, just ahont 
sufficient to dissolve the soluble portion, and after standing a 
short time filtered through a weighed filter. The filtrate, 
together with the washings, was again evaporated nearly t<> 
dryness, and allowed to stand for some time to effect, as far as 
possible, the complete precipitation of the calcium snlphatc, 
which was separated, and when its amount was but small 
weighed immediately; if large, it vras added to the main 
quantity of the insoluble portion of tlio ash, which w^as then 
dried at 100^ 0. and weighed. 

1. of the In^olvhle Porthn, 

In the insoluble portion are contained lime, magnesia, ferrit* 
oxide, silica, phosphoric, sulphuric, and carbonic acids. The 
carbonic acid was estimated hy the usual method, that is, by 
determining the loss of weight which a known quantity of the 
ash suffered on treatment with dilute hydrochloric acid; the 
sulphuric acid was afterwards determined in this solution by 
precipitation as barium sulphate. The phosphoric acid was 
separated by moans of tin. For its estimation, together with 
that of the bases and the silica, about 1 gramme of the inso¬ 
luble portion was dissolved in nitric acid, and after separation 
of the silica in the usual maimer, the solution was again evapo¬ 
rated nearly to dryness, and dilute nitric add added, until the 
bases were completely dissolved; strong fuming nitric add was 
then added, until the caldum nitrate began to separate, when the 
slight precipitate was immediately re-^solved hy the addition 

R few drops of dilute acid. The nitric add solution of the 
bases was thus in the liighest possible state of concentration, 
and on wanning such a solution, the tin-foil is rapidly oxidized 
to the maximum degree of oxidation, whilst the supernatant 
liquid remains perfectly dear. The prelimine^ly heating of the 
soluidon is absolutely necessary, since in the cold the metal 
becomes passive, and refuses to oxidize. The quantity of tiu 
foil added amounted to about six times the weight of the phos¬ 
phoric add that could possibly be present, and care was always 
taken to keep the nitric add in suffident excess, in order to 
prevent the formation of the monoxide, which renders the solu¬ 
tion incouvenieutly turbid. •When all action was at an end, and 
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the tilt fiilly oxidized, the contents of the dish were evapo¬ 
rated nearly to dryness, in order to remove the excess of nitric 
acid; water was then added, and the solution filtered. The 
precipitate contains all the phosphoric add; the bases are found 
in the filtrate. This precipitate, detached as far as possible firoin 
the filter, was digested in the smallest possible quantity of 
highly concentrated potashnsolulion; on the addition of water 
this mixture dissolves to a perfectly clear liquid, provided no 
great excess of the alkali has been employed. The tiifling 
amount of the predpitate still adhering to the filter was dissolved 
in the same manner, and added to the main portion of the solu¬ 
tion. The liquid was then saturated with sialphuretted hydrogen, 
acetic acid added in very slight excess, and the predpitated 
tin sulphide separated by means of Bunsen’s filter pump. The 
filtrate was next concentrated to a small bulk, the slight amount 
of tin sulphide, which invariably predpitates on evaporation, 
being removed, and the phosphoric acid determined in the usual 
manner as magnesium pyrophosphate. This slight departiu*e 
firom the indirect method usually employed is only rendered 
possible by the aid of the filtering apparatus invented by 
Bunsen; it has the advantage that the whole of the phosphoric 
add admits of direct determination, a point of someimportcCWSe 
when its amount is but relatively small, and moreover the saving 
of time it effects is considerable. The fLltra.te firom the tin oxide, 
containing the ferric oxide, lime, and magnesia, may also con¬ 
tain no inconsiderable quantity of fordgn metals, for example, 
lead and copper, existing as impurities in the ft>il; these wore 
removed by sulphm*etted hydrogen before the determination of 
the bases, which wore then separated in the usual way, the 
by ammonia, and the lime and magnesia rebpectively by ammo¬ 
nium oxalate and sodium phosphate. 


IL AnahfBis of the Soluble Portion, 

The Solution of the soluble portion of the ash was filtered 
ficom the calcium sulphate (separated by evaporation in llu* 
mtomKt above described) through as small a filter as possible, 
into a wdg^d fiadk provided with a tubulus drawn out at the 
to admit of Jhe more convenient weighing off of aliquot 
jlwUkma of the weighed Kqtiid. The total quantity oi^ liquid 
djfcyifed ais iMt m pos^le into ^ equal parts, to serve fo| 
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the deterioiiiation of the sulphimc acid, alkalies, chlorine, solu¬ 
ble phosphoric acid and carbonic acid, the sixth portion being 
x’eserved in case of accident. 

The carbonic acid was determined volumetrically by normal 
Hulphuiio acid and litmus solutions; the sulphuric acid and 
chlorine in the ordinary way, by precipitation as barium sulphate 
and silver chloride, and the phosphoric acid separated after con¬ 
siderable concentration of the solution, as the double salt of 


magnesium and anmiQiiium, and weighed as pyrophosphate. In 
order to determine the amount of the alkalies, the solution was 
boiled with excess of baryta-water in a porcelain dish, filtered, 
and the excess of baryta removed by ammonium carbonate and 
ammonia; the solution was then evaporated to dryness in a 
platinum dish, gently heated, re-dissolved in a few drops of water; 
ammonia and ammomum carbonate again added; and after 
standing a considerable time, the solution was again filtered and 
evaporated to dryness, heated, and by the cautious addition of 
hyd&ochl<»ic aci^ converted into chlorides, in which form the 
alkaKes were weighed. The potassium chloride was then sepa¬ 
rated in the usual way by plathium chloride. In cases where the 
amount of the soluble portion of the ash was comparatively large, 
more than tiaces of magnesia still remained in solution with the 
alkaline chlorides, even after repeated treatment with ammo¬ 
nium carbonate and ammonia. This small quantity of magnesia 
was found in the filtrate from the double salt of potassium and 
j)latiuum; its amount was easily estimated by evaporating the 
alcoholic solution to diyness, re-^ssolving in water, and transfer- 
idng the solution to a small flask prorided with a tightly flitting 
C03^ pierced with two holes, to admit of the introduction of glass 
turns. This littie piece of apparatus has the di^osition seen in 
the annexed figure. Hydrogen is led through the 
tube (A), and the end of the exit tube (B), within 
the flask is sufficiently long to reach just above 
the sm-face of the liquid, so as to ensure the 
complete expulsion ofthe air by the gas. When 
the vessel is completely full of hydrogen, the 
mds of the tubes (A) and (B) are closed during 
tne actual transmisFsion of the gas, either by 
sprew-clamps or hy glass rods, and the whole is placed in the 
direct sunlight, when the platinum is quitskiyj reduced to the 
ipetallic state, and the solution ultimately becomes perfectly 
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colourless. The process of reduction may, if necessary, be faci¬ 
litated by heating the solution on a water-bath before the trans¬ 
mission of the gas. If the capacity of the flask is small, it may be 
requisite to re-fill it once or twice with hydrogen, to ensure the 
complete reduction of the platinum; it is then desirable to displace 
the remaining"gas by a rapid eun*ent of carbonic acid; otherwise 
an explosion might possibly occm-, particularly if the contents 
of the flask are warm, owing to the surface action of the finely 
divided metal on a mixture of air and hydi'ogen. The clear 
solution was then filtered from the finely divided platinum, aud 
after concentration the magnesia was precipitated in the usual 
^ay by sodium phosphate and ammonia, aud its weight deducted 
from that of the mixed chlorides. This method is recommended 
to be used in all accurate separations of the alkalies from mag¬ 
nesia ; it moreover offers a rapid and easy mode of rocoveriug 
the excess of platinum used in the determination of potash. 

(A.) Analysis of the Ash of the Roots. 

413*4 grms. of the roots, freed as far as possible from* adhering 
sand and soil, left on biiraing 5-686 grms, of ash. Amount 
taken for analysis, 4*9315 grms. After treatment with car¬ 
bonic acid, the insoluble portion weighed 5*0816 gnus., 
the solution of the soluble portion, 66*2125 grms. 

I. Composition of the Insoluble Portion. 

Amount in total insoluMe 
portion. 




grms. 


grms. 

1*1434 gave Silica .. 

... 0*0710 

Silica 

O-SlOM 


Magnc&ium P3U'ophospbat3 .. 

0-173E 

Magnesia. 

0-27787 


Ferric oxide .............. 

... 0*0100 

Pciric oxide .. 

0-0U44 


..... 

... 0*6021 

Lime . 

2*23146 


3Xag;nefiiam pyrophosphate 

... 0*0199 

Phosphoric acid 

0-06668 

1-2278 

„ Do. do. 

0-0214 

Do. 

0*06603 

0'5868 lost on treatment vith dilute acid 

.. 0*2289 

Oarhonic acid .. 

1-98230 


^ TV>tal weight of Calcium Sulphate 


0-0060 

n. Composition of the Soluble Portion. 






Amount in total soluble 




portion. 


gnns. 


gnns. 


grms. 

10-1446 Bolntion gave Baiinm sulpbate ... 

... 0-0751 

Sulphuric acid.. 

0-16827 

fl^esr 

„ „ Silver chloride. 

... 0*0191 

Chlorine. 

0-03286 

lOflSUS 

„ „ Mixedohlorides 

... 0*1290 

Potash.. 

0*24331 


FlatiTinTn-saU' - - ^. 

. r. 0*1968 

Soda. 

0-23466 

9-2180 

„ required 11 c.c. SO^H.sol. 

(11 X 0-0022) 

Carbonic a< id .. 

0-1T38S 
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(B.) of the Aeh of the Stem. 

Made by Hen* Giitsohow. 122*5 grms. of tlie wood left 4*00 
grms. of ash. Amount taken for analysis, 2*9551 grms. 
After treatment with carbonic add, the insoluble portion 
weighed 2*6687 grms.: the solution of the soluble portion 
weighed 40*5786 grms. 

I. Composition of the Insoluble Portion. 


grms. 

0*8945 gave Magnebium pyrophosphate 
Do. do. 

„ Lime... 

0*4739 lost on treatment ^ith add.... 


Amount in total insoluble 
portion. 


grms. grms. 

0*0955 Slagneda. 0*10289 

0*0175 Phosphonc add 0*03340 

0 4465 Lime . 1*33210 

0*1923 Carbonic add .. 1*08750 


II. Comj)osition of the Soluble Portion. 


grma gms. 

8*4838 solution gave Silrer chloride 0*0552 

8*1881 „ t. Barium sulphate ...... 0*0420 

7*7051 „ „ Magnesium pyrophosphate 0*0050 

8*1500 j, „ Mixed chlorides .. 0*0882 

Piatiniimsalt.......... 0*2104 

Magnesium pyrophosphate 0*0030 
8*0738 ^ required 10*7 c.c. SO 4 H 2 soln- 

tion ( 10*7 X 0 * 0011 ) 


Amount in total solution. 

grms. 

Chlonne . 0.06542 

Sulphnzic add.. 0*07147 
Pho^oricadd. 0*01684 

Potadi... 0*20226 

Soda.......... 0*08081 

Carbonic acid .. 0*05918 


(C.) Anab/sis of the At>h of the Bmnchee. 

Made by Herr H. Knopf. Amount taken for analysis, 5*0115 
gnus. After treatment with carbonic acid, the insoluble por¬ 
tion weighed 4*8286 gnns; the solution of the soluble 
portion, 47*7822 grms. 


I. Composition of the Insoluble Portion, 


grms. 

grms. 

Amount in total insoluble 
portioxL 

gnns. 

1*3815 gave Silica........ 

0*0260 

SiUea . 

... 0*09087 

Magnesiom pyrophosphate .... 

.. 0*0622 

Phosphone acid. 0*14004 

Ferric oxide..... 

.. 0*0042 

Ferric oxide.... 001460 

lime... 

.. 0*6837 

lime . 

... a-ssaso 

« Magocbinm pj rophosphats.... 

.. 0 0992 

Magnesia.... 

... 0-12498 

0*6525 lost on treatment with acid 

.. U*219i 

Carbonic add .. 1*63340 
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n. CompoBitioii of tlie Soluble Portion. 


gnns. 

11*0056 solution 

required 5 c.c. uonnal HCl 

grm«*. 


grmh. 


solution. 


Carbonic acid .. 

00476 

e*99sa „ 

gave Mixed chloiides ...... 

0-0293 

Soda. 

o*oai<(6 


Platinum salt .. 

0-0770 

Poiadi. 

oiono 

e-9592 

„ Barium sulphate ...... 

0 0050 

Sulpbniic acid.. 

0*0X16 

r*064r ., 

SilvercMoiide 

0 0016 

Chlorine. 

0 002? 


(D.) Analysis of the Ash of the Fruit. 

Amoimt taken for analysis, 5*5482 grms. After treatment with 
carbonic acid, the weight of the insoluble portion was 
2*2948 grms.: that of the solution of the soluble portion 
was 59*9210 gnus. 

L Composition of the Insoluble Portion. 


Asioniit in total in'^olablo 
portion. 


grms. 


gnub. 


grms. 

0*9800 gave Suica..... 

0 0085 

Silica . 

0-02062 


Magnesium pyrophoEphate.. 

oxide ...........f...... 

9-2970 

0 0023 
0*3834 . 
0-2021 

Phoqihoiic acid, 
l?erric oxide.... 

rjiTHA .,. , 

0*46085 


Xdme 

U UWiOU 

0-94191 

0-1766? 


Magneednm pyrophosphate 

Magnesia.. 

0-5149 lost on treatment with dilute HGl.... 

0*1045 

Carbonic acid .. 

0’4«M'8 


Total weight of calcium sulphate.. 

0-02930 

n. Composition of the Soluble Poriion. 



grms. 


grms. 

Amount in total soluti^ 
gniw. 

6*0410 solution gave Barium sulphate. 

0 0395 

Sulphuric acid.. 

01Si42 

B'llSS 

» „ Silver chloride.. • 

0-0804 

Chlorine. 

0 08805 

8*mo 

„ „ Magnesium pyrophosphate 0-0059 

Phosphoiic acid. 

0 02305 

T-0600 

„ Mixed chlorides.. 

0*449? 

Potash ... 

2-06950 


Platinum salt ... 

1*4246 

Soda. 

0-05800 


Magnesium pyrophosphate 0*0017 



6*SS9? 

„ required 42*1 c.c. SO 4 H 3 solu- 


Carbonic add .. 

0-89086 


tifliix(42-l X 0-0022). 

Bedudmg all these results to percentages, after deducting 
the amount of carbonic acid, the composition of the ash of the 
xpotf stem, branches, aud b'uit is found to be as follows:— 


I 
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Boot. 

Stem. 

Branches. 

Fruit. 

Potash... 

6-74 

10-78 

8 ‘49 

51 *64 

Soda.. 

6-50 

3*22 

0*75 

1*45 

lame . 

61-82 


82*49 

23*50 

Ma^esia ... 

7 •70 

5*92 

4*31 

4-41 

Fexric oxide... 

1-23 



0*14 

Chlorine... 

0*90 

I 8*48 


2*19 

Phosphoric acid.. 

, 1*57 

2*66 

S 4 *83 

12*07 

Salphnric acid ............ 

4-66 

3*26 


8*35 

Silicic acid .. 

1 8*74 


3*13 

0*52 

Calcinm snlphate ..... 

0-14 


•- 

0*73 


100 00 


1 100*00 

100 *00 


For tlie sake of comiDaxihon, I here append tlie results of a 
siiailar series of analyses made some years ago by Messrs. 
Rownoy and How, of ashes obtained from perfectly healthy 
trees grown in the island of St. Michael.In the last colmnn 
I also add an analysis of the entire fruit by Dr. Eiohardson.t 
The results of these analyses are here represented in per¬ 
centages, after deduction of the unessential constitnents, 
carbonic add, sand, and charcoal. 



Boot. 1 Stem 

Leaves. 

Fnxt. 

Seed. 

Fruit 

(Bichard- 

son). 

Amoant of ash left by 1 
100 pts.. f 

4 48 2-74 

13 73 

394 

3 30 

« 

Potash. 

Soda... 

Lime. . 

oxide.......... 

Sodftam chloride •••»•• 

Phosphoric ncid .. 

Salphoric add.. 

Mkbwdd . 

15*43 

4*52 

49*89 

6*91 

1-02 

1*18 

13-47 

5*78 

1*75 


16*31 

1*68 

56-38 

5*72 

0*52 

6-66 

3*27 

4*43 

4*83 

36*42 

11*42 

24*52 

8*06 

0-46 

3*87 

11*07 

874 

0-44 

40*28 

0*92 

18-97 

8*74 

0*80 

0-82 

23*24 

5*10 

1*13 

38-72 

7-64 

22*99 

6*55 

l-74t 

trace 

14*17 

2*95 

5*25 

99*95 







It will at once be noticed, on instituting the comparison, that 
the compofcfltion of the ashes of the healthy tree differs widely 

« Beports, Ac, Bojal College of 0henuBti7> 1847, Joninal of Chemical Sode^. 
t Ann. Ch. Phann., Irrii, 877,1848. 

$ Feific phosphate. . 
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from that of the diseased specimenb. Tho want of aiicdogy is 
more particularly seen in the undue proportion of lime, and the 
comparative lack of phosphoric acid in all parts of the unhealthy 
tree, vrith the exception of the fruit; but the concentration of 
potash in the latter is remarkable. Whether, however, these 
deviations may in any way be connected vdth the soixrco of 
the disease, or are themselves its results, remains still to be 
demonstrated. Hitherto the culture of tho orange has nowhere 
been carried to a greater degree of perfection than in tho 
Balearic Isles; but the yield of firait beoms to have been forced 
by excessive manuring to a most unnatural extent; and pro¬ 
bably in this injudicious overworking of the trees may be found 
the cause of their sickening. 

Heiddbeig, September, 1868. 
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TTOters, 87. 

-proportion of, in various kinds of 

steel, 281. 

-symbol of, 427. 

-msulphide: absorption of ifcs vapour 

by charcoal, 192. 

Carbonate of ammoniuni, absorption of, 
by alumina, 12. 

— -by ferric oxide, 11. 

-potassium, absorption of, bj alu¬ 
mina, 10. 

-ferric oxide, 6. 

Chabot, P. jun., obituary notice of, 
xxxiv. 

Chance, Henry, on the manufacture 
of glass, 242. 

Chapman, E. T., note on the estima¬ 
tion of nitric acid in potable waters, 
172. 

Chapman, E. T., and Smith, M. H., 
action of zinc-ethjl on nitrous and 
nitric ethers, 170. * 

Chapman and W anklyn. See Wank- 

Ipu 

Chapman, Wanklyn, and 'Smith. 
SeeWanklyn. 

Charcoal, on the absorption of vapours 
1^: bv John Hunter, 186. 

OlutEnicBl equations, construction of, 
iVom the data afforded by experiment, 
402. 

diemioal Society, Anniversary Heeting 
of, March 30, 1868, i. 

— Balance-sheet of, 1868^ x x x vi. 
Chemical substances, sym^ls of the 

units of, 405. 

— symbols, on the construction of: 
by Sir B. C. Brodie, 367. 

Chloraiml, action of sulphurous add on, 
146. 

— analyses of, 144. 

-I—on: byJohnStenhouse, 141. 

— preparation of, from picric acid, 
144. 

Chlorate, potassie, determination of heat 
evolved by burning of various sub¬ 
stances with, 34. 

Chlorhydranil, 146. 

Chloride of ammonium, absorption of, 
ly ferric oxide, 12. 

-diamylamine, oxidatiem of, 162. 

-potassium, absorption of, by ferric 

oxide, 10. 

-silver, uon-volatOify of, at high 

temperatures, 507. 

Chlorine application oS, to the 
tougheumg and refining of gold: by 
P. B. Miller, 506. 

Chlorine, syuiboi of, 415. • 


Chromyl diebloride, note on the specifii* 
gravity and boiling pomt of: by T. E. 
Thorpe, 514. 

Church, A., chemical researches on new 
and rare Cornish znineralB, 277. 

Clark, Br, Thomas, obituary notice of, 
viii. 

j Claudet, P., on the occurrence of pris- 
j matic arbenioub add, 175. 

I Codeme, omdation of, 164. 

I CoUoid silica obtabied by dialycii*>, on 
the occurrence of orgamc appearan *e3 
j in: by W. C. Boberts, 274. 

I Comwallite, examination of: by A. H. 
Church, 276. 

• Conmarin, on the artificial production of, 
and formation of its homologuea: bv 
W. H. Perkin, 53. 

-acetic, 55. 

-buty^, 56, 474. 

-valeric, 58. 

-formation of, from the hydride of 

aceto-salicjl, 185. 

Crum, Walter, obituary notice of, 
xvii. 


B. 

Barling, W. H., researches on dime¬ 
thyl, 496. 

Baubeny, C. G*. B., obitufuy notice of, 
xviiL 

Be la Bue, Warren, and Mnller, 
Hugo, on a new form of constant 
battery, 488- 

Biamylmnine, oxidation of chloride of, 

Biazo-dinitrophcnol, produced by the 
action of nitric add on piciamio add, 
151. . 

Bimethyl, researehes on: by W. H. 
Barling, 456. 

-action of chlorine on, 503- 

-preparation of, by electrolysis of au 

alkaline acetate, 502. 

-by Prankland’s process, 

500. 

-— by Schutzenberger*s pro¬ 
cess, 497. 

Bimethyl-noxmeeonin, 362. 

Binas brick, Welsh, an^sis oc^ 297. 

Biphenyltartramide, ooddation 

Biptyl, 61. 

Bittmar, W., on the vapour-tendon of 
formate of ethyl and of acetate of 
methyl, 477. 

Bivanadyl monochloride, 348. 

Bonations to the Idbraxy of the Chemical 
Sodel^ (1867-1868), xliv* 

Breehsel, S.,the redirotion of carbonic 
add to oxalic add, 121. 
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Btippa and Perkin. jSco Perkin. 


E. I 

( 

Elecfrolysis of acetic acid: by H. 
Hiolbe, 196. 

— alkaline acetate, preparation of 
dimetlijl by, 502. 

Energy, actual, dcreloped by 1 gmm of 
Tonous artides of food Trnen burnt in 
oxygen, 49. 

-when oxidized in the bodT, 

49. 

Equations, cbemical, construction of, 
from tlie data afforded by experiment, 
402. 

-fimdamcntal cbemical, 392. j 

Ether, carbanilic, on: by Dr. AYilm 
and Dr. ’Vrischin, 192. 

Ethers, action of zinc-etliyl on nitrous 
and nitric: by E. T. Chapman and 
M. H. Smith, 170. 

Ethyl formate, preparation of, 479, 4b3. 

— -- Taponr-tension of, 481, 487. 

Ethyl iodide: absorption of its Taponr 

by charcoal, 188. 

Eihylamiue: absorption of its Taponr by 
cWcoal, 188. 

Bthylglyoxylate of ethyl, 205, 

Ethyhc sulphocyanate, note on: by Mr. 
Irolan, 193. 


P. 

Faraday, Miohael, obiiuaxy notice of, 

XXXi 

Feme oxide, absorption of ammonium 
salts by, 11, ll. 

■ - --potassium salts, 6,18. 

Fick and w islieenns, amount of work 
performed by, in the ascent of the 
Faulhom, as compared Trith the 
amount of miisdo eousumplion, 30. 

neutrd, of the ^alis, etch¬ 
ing on glass with, 236. 

Food, actual energy doydoped hy 1 
gram of yations artides of, when 
burnt in oxygen, and when oxidized 
in the body, 

*— weight and cost of yarions artides 
of, required to bo oxidized in the body 
In tmer to raise 140 lbs. to the height 
of 10,000 feet, 60. 

— weight of yarious articles of, 
required to sustain respiration and 
eimlatiiOu in the body o£ an ^rerege 




Forbes, David, on chemical scoIost 
213. * 

Formate of ethyl, preparation of, 4/8, 
483. 

—-yaponr-tension of, 481,487. 

Foster and Hatthiessen. See Mat- 
thiesseu. 

Frankland, E., on the origin of mua- 
cular power, 33. 

-on a simple apparatus for deter¬ 
mining the gases meident to water 
analysis, 109. 

Frankland, E., and Armstrong, II. 
E., on the analysis of potable -waters, 
77. 

Freezing of water and bismuth: by A. 
Tribe, 71. 


G. 


Gamgee and Wanklyn. See Wank- 
lyn. 

Gfas analysib, on; by TV. J. Bussell, 


Oases, application of the measurement 
of, to quantilative analysis: by W, J. 
Bussell, 310. 


—-on a bimplo apparatus for deter¬ 
mining ibe, incident ti> water analybis: 
by E. Frankland, 109. 

Gas-furnace, on the regenerative, as 
applied to the manufacture of castr 
steel: by p. M. Siemens, 279. 

Gaultherate of sodium, action of benzyl 
ddoride on, 124. 

Geology, on eheonical: by David 
Forbes, 213. 

Gill, 0. H. and Meusel, Ed.> on paraf¬ 
fin and the products of its oxuj&tion, 
466. * * 


Gladstone, J. H., on the pyrophos* 
phorie amides, 64. 

-on the tetraphosplmrie amides, 261. 

Glass, on the manufacture of: by 
Henry Chance, 242. 

-change of colour of, by exposure to 

sunlight, 251. ^ 

-etebing on, by hydrofluoric acid 

and nent^ alkaline fluorides, 256. 
Glyoxylide, 201. 

Gold, on the application of chlorine gaS 
to the toughening and refining of; oy 
F. B. hliller, 606, 


H. 


Haughion, Bev. D., determination of , 
tire amount pf actual energy deve¬ 
loped in the bodies of military vegeta¬ 
rian prisoners engaged at snot-orill, 
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as eottipao^d 'witli tlie amount of ’ 
mnsde consumption, 43. 

Heat, animal, source of, 47. 

Hcrapatli, 'William, obitnaTy notii.*e 
of, SXIT. 

Hunter, Jobm on the absorption of i 
Ta][»iirs by cliarcoal, 1S6. 

Hj dride of aceto-salicrl, on the: bj W. 

H. Perkin, ISl. 

-benz; WKej 1, 123. 

-butyi’O-'^abcT:!. on tV, 'nd btiljrie 

conmaiic aoid: Irt W. IX. Perkin, t 

172. ' I 

-—— format loii of bn<‘TrIe c jnmaiTn 

B^om, 174. 

-sodium-^ialic;!!, ac'icni ^ 1 ivyl- 

cbloridc on. 122. 

-salicjl, absorption of its \.i^-*^iir by 

charcoal, 188. 

Hydrogen, on the redneing a tion of per- j 
oxide of, and carbolic a jid: J. 

Parnell, 356. 

-symbol of, 405. * 


L 


lodid* of amyl: abeoiption of its 'laponr 
Irf cbarooal, 189. 

—— etbyl: absorption of i^-s raponr by 
cbarcoal, 180. 

—2#- metbyl-stryelmine, oxidation of, 

164. 

Iodine, symbol of, 417. 

I^relan, on ethylic snlphocjanate, 193, 

Iron oxide, absoiytiou of ammonium 
salts by, 11,14. 

*— — potassinm salts, 6,13. 


J, 

Jones, H. Bence, on the solubility of 
xanthine (niic oxide) in diluto hydro- 
clJorio acid, 3X1. 


E. 

Kolbe, H., cbemical contributioBs hr, 
193. * 

— on the electrolysis of acetic acid, ! 
193. 


L. 

Lting, Victor ron, on the ciybtaDinc 
form of some products obtained fiom 
narcotinc, 365. 

Library of the Chexmcal J^ociely, dona- i 
lidiis to the (1867-18<»S), xUt. , 


Log. (1 + -003665 #)760, table of, fer 
each fir of a degree fpom 0® to 30* C., 
120 . 


U. 


ir>^ne4a, -ep'^ralion of, f.-mi alhdis, 

r'li*. 

Hn3«auc*-c In ^Ice!, 2*‘2. 

Hdtlliiesaen, A ,aul Fo ^or, O-.C., 
resei*****^ e-* i- ’ ■> '' o tlic ircal cont>lita- 
iion m nar .,0 o a 1 of it^ } * hu'U 
of dceomposhion.—^l^ivt II, 357. 

Heconi i, a* tIon of li;i Irochlone and 
hydiiodic acids on. 3b0. 

-- crr-tallmo f am of acid, CiH 804 , 

derired from, 365 

—— fonaa’ion of. horn opienic rt* 1 by 
tl»e ?e ion oi sodium amalgam, 359. 

Hectiugs of the Chemicrl bocieiy, ro- 
pnt- ofProcajdinga a*- (Session 18G7- 

i. 

Mercn*y. symbol 123. 

Mctci 

3Ietbyl aeete^ e • »n Oi. i^s vapour 

by charcoal, 188. 

-preparation of, 180, 484. 

■^aponr-temion of, 481, 487. 

Methylie alcohol; absorption of its 
vapour by clmre^, 100. 

Methyl iocude, production of dimethyl 
"by action of .rinc upon, in sealed 
tubes, 300. 

Mothyl-normeconin, 360. 

Motbyl-nomarcotine, 364. 

HethTl-stTvclmine, oxidation of iodide 
of, 161. 

Heiisel and Q-ilL f*ce Gill. 

Miller, F. 33, on the nppHoatiou of 
chlm*me gas to the tou^bening and 
refining ot gold, 506. 

Monomethyl-noimal mecouin, 360. 

Konovfinadates, 339. 

Morphine, oxidation of, 164. 

MiiUer and 3>e la Hue. t^ee He la 
Bue. 

Musctilar power, on the origin of: bv 
E. Frankland, SB. 


N. 


^STaphthulene, absoipHon of its vinotir 
by cbarcoal, 189. ^ 

yarcoline, action of hydrochlorle and 
h^driodie acids on, 363. 

-researches into the chemical com- 

posiMon of; and of its products of 
decomposition; by A. Matthieasea 
and G. 0. Foster.—Part II, 357. 
^Ticotinc. oxidation of, 3C3. 
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Xitrate of animonium, iibsorjition of, hy 
ferric oside, 12. 

— amyl, action of zinc ctliyl on, 171. 

-potassiiun, absorption of, by 

alumina, 11. 

——-by ferric oxide, 9. 

ISTitrite of amyl, action of zinc-cllij 1 on, 
171. 

ji^itre, rongbi noteb on tlic formation of, 
as observed in tbe north-western pro¬ 
vinces of India: by W. J. Palmer, 
318. 

Nitrides of vanadium, 3J9. 

Nitrogen, estimation oJ^ in the form of 
nitrates and nitrites, in potable waters, 
101 . 

—•estimation of organic, in potable 
waters, 87. 

-in steel, 282. 

-table for the reduction of cubic 

centimetres of, to grams, 118. 

— compounds, ammonia evolved by 
alkaline permanganate acting on or¬ 
ganic, 161. 

Nitrobenzol: absorption of its vapour by 
charcoal, 189. 


Obituary notice of P. J. Ohabol, sxsdv. 
-Dr. (Thomas Clark, -xiii. 

— Walter Crum, xvii. 

-Dp. Daubeny, xviii, 

— Michael 'Faraday, xxi, 

—- William Hcrapath, xxiv. 

-J. T, Pelouzo, XXV. 

-John Tonnent, xxix. 

— Robert Wariugton, xxxi. 

— William Winsor, xxxiv. 
Operations, Onlculns of chomicul; In 

Sir B. 0. Brodio, 367. 

Omnge-treo, amilynis of tlu* ahlici of a 
diseased: by T. E. Thorpe, 515. 
Oninge-lroost anal^nis of the ashes of 
healthy, 523. 

Organfo and othm* volatile luattorb, esti¬ 
mation oi^ in potable waters, 79. 

-carbon and nitrogen, estimation of, 

in potable watei*s, 87. 

— compounds, actiou of oxidizing 

E * I on, in presence of excess of 
161. 

Oxalic ether: absorption of its vapour 
by cfcuurcoal, 188. 

Oxi]^ of iron, absorption of ammonium- 
salts by, 11, Id. 

-potassium-sallb, 6,13. 

-and alumina, on the part taken 

by, in the absorptive action of soils: 
byR Wiping ton, 1. 


Oxygen, determination of the, neces-ary 
> to oxidise the organic matter in pota- 
I ble ^vater8, 81. 
j -symbol of, 407. 


Palmer, W. J., rough notes on the for¬ 
mation of nitre, as observed in the 
north-western provinces of India, 318. 

Papaverine, oxidation of, 164. 

Parafiin, on, and the products of its oxi¬ 
dation : by 0. H. Q-iil and Ed. Mou¬ 
sel, 106. 

— oxidation of, by chromic acid, 467. 

-nitric acid, 469. 

Parnell, John, on the reducing actiou 

of peroxide of liydrogen and carbolic 
acid, 356. 

Pedler, A., on the isomeric forms of 
valeric acid, 74. 

PelouzG, J. T., obituary notice of, xxv. 

Perchloridc of carbon: absorption of its 
vapour by charcoal, 192. 

Porxin, W. II., on the artificial pro¬ 
duction of cotimarin, and formation of 
its homologucs, 63. 

— on soioe new bonzylic derivatives 
of the salicyl series, 122. 

— on the hydride of accto-salicvl, 181. 

-butyro-salicyl and butyxfo 

coumaric acid, 472. 

— and Duppa, B. F., on the consti¬ 
tution of glyoxylie acid, 197. 

Permanganate, ammonia evolved by 
alkaline, acting on organic nitrogen 
compounds, IGX. 

-of potash, on the action of, on uwa, ' 

ammonia, and acetamide in bttougly 
alkaline fcohitiorw: by J*. A. Wank- 
Ijn and Arthur G-amgeo, 25. 

Peroxide ckf barium, action of, on acetic 
anhydride, J07. 

Piperinc, oxidation of, 162. 

PJio&pliorus ill steel, 282. 

-symbol of, 420. 

Playfair's detemunalions of the 
amount of work performed by variomi 
labourei’s, u.s compared with tho 
amount of muscle consumption, 45. 

Plumbic cliloride, on the bolubility of, 
in water and in dilute hydrocliloric 
acid of various strengths*, by J. 0. 
Bell, 350. 

Prime factors, apparent exceptions to 
the law of, 454. 

Proceedings at the meetings of the 
Ohemiem Society (18C7-18w), i. 

Pyropho^phoric amides, on tho: by J. 
11. dlad&tono, 6i. 
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Qiiiniiie, oxidation of sulphate of, 165. 


degenerative gas-furnace, description of, 
287. 

-on the, as applied to the manufac¬ 
ture of east-steel: hy C. "W. Sieifton«i, 
279. 

deport of the President and Council of 
the Chemical Society, March 30, 
1868, i. 

— Treasurer, March 30,1868, vxxvi. 

doherts, W. 0., on tlie occurrence of 
organic appes^nees in colloid silica 
ol^aincd by dialysis, 271. 

doscoe, H. E., researches on yanadium, 
322. 

dowley rag, devitrification of, 257. 

Bussell, W. J., on gas analy&h, 12S. 

-some experhnents on the apph^a- 

tion of the measurement of gase<% to 
*l|||^titatire analysis, 310. 


BlKcyl hydride: absorption of its vapour 
charcoal, 188. 

SeJicyl serie*<, on some new benzylic 
d^yaiives of the: by W. H. Perkin, 
122 . 

Salicylic acid s absorption of its vapour 
by charcoal, 189. 

Schonck and Vanklyn. See Wank- 
lyn. 

Sdenium, symbol of, dll-. 

Shot-drill experiments, to determine the 
amount of aetmd energy deyeloped in 
the body, compared with that of 

^ muscle eonBumpfcion, 43. 

Siemens, O. "W., on the regenerative 
gas-furnace as applied to the mauiifae- 
turc of cast steel, 279. 

fJiUca, organic appearances in colloid, 
274. 

Silicate of soda, production of, by de¬ 
composition of common sdt with 
sOieic acid, 254. 

Silicon in steel, 283. 

-symbol of, 433. 

Silver, symbol of, 419 

Silver cMoride, non-volatility of, at high 
temperatures, 507. 

Smith, E., detennination of the amount 
of energy developed in the body of 
m^en engaged in treadwheel work, as 
compared with the amount of mu^'le 
consumption, 43. 


Smith and Chapman. See Chapman. 
Smith, Chapman, and Wnnklyn. 
SeeWanklyn. 

Sodium gaultherate, action of benzyl- 
chloride on. 121. 

Sodium-salicyl, action of hen^l-chloridc 
on the hydride of, 122. 

Soils, on the part taken by oxide of iron 
and alumina in tbe absorptive action 
of: by B. "Warington, 1. 

Solid constitneuts, estimation of total, 
in potable watem. 78, 87. 

Steel, effects of various elements on the 
properticb of, 282. 

-it** power of retaining magnet 

increased by the presence of tungsten, 
284. 

-nature of, 280. 

-on the regenerative gas-furnace as 

applied to the manufacture of ead : 
hy C. W. Siemens, 279. 

—- various processes for making, 28 k 

-'proportion of carbon in vnriiuw 

kinds, 281. 

Stenhouse, John, action of nitric a *id 
on picramic acid, 350. 

-on chloranil, &c., 141. 

Stryehnine, oxidation of, 164. 

Sufphate of ammonium, absorption of, 
by alumina. 13. 

—^-by ferric oxide, 12, 

-cinchonme, oxidation of, 165. 

-potassium, absorption of, by alu¬ 
mina, 11. 

I-by ferric oxidC; 10. 

-quinine, oxidation of, 165. 

Sulphocvanate etbvlic, on: bv Mr. 

Irelan, 193. 

Sulphur in steel. 282. 

- - bymbol of, 413. 

Symbol 0 in calculus of chemical opera¬ 
tions. 385. 

-1 in calculus of chemical opera- 

tion«i. 390. 

Symbols, on the construction of chemi¬ 
cal : hy Sir B. C. Brodie, 367. 

-of chemical operations, 381. 

— of simple weight «i, 307. 


Tennent, John, obituary notice of, 
xxix, 

Terchlorbrornhydroquinone, 149. 
Terehlorbromquinone, 149. 
Terchlorhydroquinone, 146. 
TeroMorqumone, 147. 
Tetmphosphodiamic acid, 269. 

-ammoniated, 273. 

Tetraphcrtphoric amides, on the: by J, 
H. Gl-la«l«tone, 261. 
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{Telraphospliotetrimaie of silver, 270. 

Tlieilkuhl, on metlun-tTi&nli)lionu* acid, 
196. ' 

DTliorpe, r. E-, note on the specific 
gravilj and bulling point of chromyl 
didiloriJc, 51 i. 

-analysis of the ashc^ of n diseased 

orange-lree, 515. 

■-andysis of llie water of the Holy j 

Well, a nieclieinnl spring at JIuniphi*ej- 
Hcad, IJoidi Inneashire, 19. 

Tin, use of, to separate pliosplioriv' acid 
from bases, 517. 

— symbol of, 411. 

Treadwheel experiments to detennine 
the amount of actual energy developed 
in the body, as compared -aith the 
amount of muscle consum]3tion, 41. 

Tribe, A., on the freesing of water and 
bismuth, 71. 

Tiiethylamiuc; absorption of its vapour 
by charcoal, 188. 

Tungsten: its efibet in increasing the 
power of steel to retain magnetism, 
284. 


U. 


Urea, action of manganate of pota^'h on, 
28. 

pernmiganato of potash on, 
in strou^y allaUue solutionB, 25. 

•— note on the preparatior of: by J. 
Williams, .63. 

-rat lonal fonmula of, 33. 

•— <iircci con%cr»»it)n of anunonia-cur- 
bamato into: by A. Basaroff,^ 191.^ 
Uric oxide, or inutliinc: its bolttbility in 
ddule liydrochloric acid, 211. 


V. 


Taldic comnarm, 830, 844. 

Tanadates, 339. 

Tanadium compounds, occurrence and 
preparation of, 326. 

— dioxide, 334. 

-minerals, occurrence of phosphorus 

in, 329. 

——nitrides, 349- 

■-oxychlorides, 311. 

~ poutoxide, 339. 

--resoarches on s by H. B. Boscoe. 

322. 

-tetrfoxido, 838. 

*— trioxide, 836, 

Tanadjl, 384. 

-dich3oriaie,347. 


Tanadyl monochloride, 348. 

-tnchloride, 311. 

Vapours, on the absorption of, by char¬ 
coal : by John ITuntcf, 186. 
Yajjour-tcn&ion of Ibmiate of elhjl and 
of acetate of methyl: hy W. Bittmar, 
477. 


W. 


Wanklyn, J. A., and Ohapman, E. 
T., on the action of oxidizing ngenU 
on organic compounds in prcbcuce of 
alkali.—^Part I, Ammonia evolved h\ 
alkaline permanganate acting on or¬ 
ganic nitrogen compounds, 161. 

-and Ctamgce, A., on the action of 

permanganate of i>otash on urea, am¬ 
monia, and acefnmide in strongly 
alkaline solutions, 25. 

-and Schenck, R., synthosib of 

capi*oic acid, 31, 

-Ohapman, E. T., and Smith, 

M. H, note on Franlland and Arm¬ 
strong’s memoir on the aiiolyslb of 

W potaMo naten’s, 152. 

arington, B., on tlie x><u’t taken by 
oxide of h*on and alumina in the 
absorjAivo action of soils, 1. 

-obituary notice of, xxxi. 

Wnltr, freezing of, 71. 

— aiialybis, on a simple apparatus for 
defccrmmmg tho gases ineidcnl to: hy 
E. Erankland, 300. 

-of the Holy Well, at ITiimphrcT 

Heucl, ‘NTorth Laiicayliirc, anahais oi l 
by T. E. Thorpe, 10, 

Waters, ou tho analysia of p»>lnbh*: by 
10. Erankliiml imd II, E. Arni- 
stvoiig, 77. 

i. lOstiuuiliuu of total bolul const L- 
tuentH, 7«, 87. 

ii. Estimation of organic and othtrE* 
Tolaille matter, 70. \ 

Hi. Dotommation of oxygen nocel- 
wnry to oxidize tlie organic matter. Si* 
iv. Estimation of nitrous and nitril 
acids, 85,101. 

V. Esiimaiion of ammonia, 87, 303. 
vi. Estimationoforgauic carbon and 
nitrogen, 87. 

— on tho OBtimaUon of nitric aotd in 
potable; by B, T. Ohapman, 168. 
Weights, on the symbols of simpl©, 397. 
Williams, J., note on the ariillcial 
Tpropamtion of urea, 03. 

Wilm and Wisohin, on carbamilic 
other, 192. 

Wxnsor, W.; obituary noUco of, xxxiv. 



PsDEX. 


333 


X. 

Sajaiilmie, on the solubility m ctilute 
hydroc^oiic &cid. by H Bence 
Jones, 211 


Z. 

Zinc, action on methyl iodide i 
sealed tubeb, 500 

Zinc, •symbol of, 416 

Zme ethyl i^s action o*i uitioud anl 
mhic etheib by B T. Chapman 
and IL Smith, 170. 
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